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ABSTRACT 
Gangetic carps, wrigal, Cjrrhina wriaala (Hamilton), catla, 
Catla catla (Hamilton), and rohu, Labeo rohita (Hamilton), called najor 
carps, are important food fishes. Capture of their wild stock has obvi-
ously formed a major inland fishery; but they are also cultured in ponds 
to some extent, particularly in Bengal and Bihar* 
Accordingly, while fishery workers have mostly been concerned 
with the study of biology on one hand, they have also succeeded in 
•inducing breeding' in these fishes in ponds on the other* Knowledge 
about the former has greatly helped in management of riverine popula-
tions* Induced breeding has increased the supply of carps seed, and encS" 
uraged their cultivation over a vast scale* The plans that were formula-
ted have already paid dividends* 
The present work summarises similar effarts made over the last 
one decade at various centres of the Central Inland Fisheries Research 
Institute* It is divided into several chapters; the summary of which is 
given below* 
Development of carp fry and their feeding habits are described 
in the first three chapters* 
I» Studies on food and alimentary caqal of Indian major carps. Catla catla 
I 2 : 
(Hamilton) l The newly hatched catla larva has no mouth, gills and the 
gut. The mouth is formed one day after hatching, gills on second day and 
alimentary canal on the third day when the fry also starts taking 8X|ber» 
nal food, Gill-rakers are formed on the fifth day and do not seem to 
play an important part in the selection of food at this stage. 
The alimentary canal remains a straight tube up to the fifth 
day. Six stages of coiling are noticed in the alimentary canal between 
5th and the 19th day of hatching. The alimentary canal remains shorter 
than the body length up to the 19th day (less than 100 % ) but later 
becomes longer than the length of the body (more than 100 % ), 
Catla fry exclusively feed on zooplankton in early stages, but 
later on select a mixed diet. Initially it prefers rotifers, than clado-
cerans and in later stages copepods form the most desired item of food, 
II, Studies on the food and alimentary canal of Indian maior carp. Labe« 
rohita (Hamilton) t Immediately after hatching, the larvae of JL, rohita 
are devoid of mouthy gills and gut. The mouth opens ep far respiration 
one day after hatching and faces the eyes when viewed laterally, but 
soon moves and becomes anterior to the eyes, Gill^arches are well deve-
loped on the second day; gill-rakers on the fifty day, but they do not 
play any part in the selection of food. Intake of expernal food is obs-
erved for the first time on the fifth day. 
Initially, the alimentary canal is a straight tube, which seen 
starts coiling, and nine stages of coiling are observed from the 5th to 
19th day after hatching. The alimentary canal remains shorter than the 
body length (less than 100 !i ) up to the I5th day, but from the 17th day 
on«»wards it becomes longer than body (more than 100 ?J ), During the 
t 3 : 
initial 19 days of life, the rohu fry predominantly feed on zooplakt«n. 
III, Studies on the food and alimentary canal of Indian major carp. 
Cirrhina mriqala (Hamilton) : Immediately on hatching, the rarigal larvae 
are found to be devoid of mouth, gills and gut, as in the case of catla 
and rohu* One day after hatching the mouth is formed and the eyes and 
gills are also well developed* The alimentary canal becomes functionally 
complete on the third day* The gill-rakers, which develop on the 6th day, 
do not similarly play any important part in the selection of food* 
The alimentary canal, though initially a straight tube, soon 
starts coiling and 12 stages of coiling could be made out during a peri-
od of 14 days from start. The alimentary canal remains shorter than the 
body up to the 7th day after hatching, and thereafter increases at a 
much faster rate, becoming longer than the body. From the day they bein 
external feeding, the mrigal fry utilise both phyto- and zooplankton. 
During the early days of its life, the rarigal fry feed predominantly on 
zooplankton, but later on they are seen to shift their choice from 
zooplankton to phytoplankton in an irregular manner* Cladecerans among 
the zooplankton and Trachelomonas among the phytoplankton form the main 
food items of the fry and fingerlings of mrigal, 
IV, Studies on the age and growth of Cirrhina mriqala (Hamilton) from 
river Yamuna at Allahabad t The study of marginal rings on the scales of 
£, mrigala indicated their annual nature. These annual rings are carved 
out grooves. From a critical study therof it was observed that age could 
be determined accurately. The occurrence of confusing rings in smaller 
specimens has been explained. The results obtained by the present method 
agreed highly with those obtained by the Petersen's method* von Bertalan-
ffy*s growth equation describes adequately the growth pattern in mrigal. 
t 4 t 
The theoretical growth equation derived for mrigal is t 
1^ = 1060 (1 .e°-^5°^^5 {t-0.3964)j 
£.* niriqala attains an average maximum length of 1060 mm. The 
rate of increase in length was found to be maximum in the first four 
yearn of its life, 
V, Length-weight relationship of Cirrhina mriqala (Hamilton) from 
commercial catches at Allahabad : Analysis of 5798 specimens of mrigal, 
_C, mriqala. shows that the formula, correlating length and weight, speci-
fic for this fish irrespective of size and age above 155 mm length is : 
Weight = 1,009 x 1o"^ x Length^*^'^^^ 
or logarithmically : 
Log Weight = -4.99627 + 2,99552 log length. 
VI, Induced breeding of Ganqetic carps : The cultivable carps, rohu, 
mrigal and catla, called the major carps, are naturally distributed in 
the Ganga river system. These fishes though cultivated in ponds for 
thousands of years, could not be fully domesticated since they do not 
breed in captivity, even after attaining full maturity in ponds. There-
fore, they are induced to breed by injecting fish pituitary hormones. 
The experiments conducted on inducing breeding in major carps 
through administration of fish pituitary hormone have been discussed in 
detail. The methodology describes the collection and preservation of 
the pituitary glands, the extraction and administration of pituitsry 
hormone alongwith information on maintenace and selection of brood fish. 
Out of the 26 sets of mrigal attempted, 23 Sf;ts spawned. Amongst 
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the 8 sets of rohu attempted, all sets spawned. The number of eggs 
obtained from induced bred mrigal specimens was higher than the known 
fecundity of the species for their corresponding weight ranges during 
the year 1977. 
Mrigal responded to induced spawning at a temperature 
sufficiently lovjer than the known ranges of temperatures for spawning 
of these carps without any adverse effect on fertilization and hatching 
of eggs, 
VII, Distribution and abundance of carp larvae in a stretch of river 
Sanaa ; The occurrence of fish larvae and the qualitative as well as 
quantitative potential of the 370 km stretch of river Ganga ( Patna to 
Rajmahal) in Bihar has been discussed. The entire river stretch has 
been devided into three sections, the upper ( Patna to Mokameh, 110 km), 
the middle ( Mokameh to Sultanganj, IQO km) and the lower ( 5ultanganj 
to Rajmahal, 160 km) which were systematically investigated during 
the year 1971-73, 
The seasonal indices of fish seed quantity and quality at 
the point of detailed investigations in each section of the river stretch 
have been evaluated to be 282 ml and 40,37 % in the upper stretch; 
324,6 ml and 70,28 % in the middle stretch; and 880 ml and 79,9 % in 
the lower stretch. The indices of fish larval quality and quantity are 
satisfactory measures of fish seed yielding capacity of a river stretch. 
Each zone has its characteristic features in terms of major carp seed 
quality, quantity and periodicity of seed availability. Knowledge of 
these factors can be fruitfully utilized for suitably planning the 
riverine seed collection programme. 
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VIII, Corica biharensis sp, nov« (Pisces; clupeidae) from the river 
Ganga : During the course of an ichthyological survey of the river 
Ganga, 143 specimens of fish belonging to the genus Corica were 
collected. These specimens differred considerably from the monotypic 
Corica soborna in a number of diagnostic features and are, therefore, 
described here as a new species and named as Corica biharensis after 
the locality, 
IX, Length-weight relationship and K factor in £, biharensis and 
_C, soborna from the river Ganga : The length-weight equations 
derived for _C, biharensis and C_, soborna indicated that the weight of 
these species increases slightly more than the cube of their lengths, 
K was found to be generally higher with increase in lengths 
of both the species, but was not absolutely dependent on length as 
low values of K were also recorded for larger specimens, £, soborna 
was found to be in more robust health than the C, biharensis. 
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GENERAL INTROBUCTIOW 
The Gangetlc carps, catlat Catla eatla (Hamilton), nrigaly 
Cirrhina wriaala (Hamilton), and robu, Labeo rohita (Hamilton), called 
major carps, are the most important freshwater fishes of India* They 
constitute the bulk of inland •Capture* fisheryi though hardly ever 
sufficed to fulfil the demand»Con8equently, major carps have also been 
cultured in ponds for thousands of years. They were, however, never 
fully dsnesticated and do not breed in the same conditions* Therefore, 
collection and distribution of their seed has also continued as a major 
indigenous industry in both Bengal and Bihar* 
In order to improve production of these fishes, fishery worMers 
have rightly followed two principal lines of investigation* Various 
aspects of their biology were studied (Mookerjee, 1945; Alikunhi; 1952, 
1957 end 1958? Jhingran, 1952, 1957 and 1959J Das and Moitra, 1955, 1956 
a and 1956 b; Chakraborty and Singh, 1963; Natarajan and Jhingran, 1963; 
Kamal, 1966 and Khan, 1972), to devise methods for proper management of 
wild stocks* On the other hand, some workers mainly confined themselves 
to the study of induced breeding of carps (Chaudhuri and Alikunhi, 1957; 
Alikunhi j ^ ^ , I960; Chaudh uri, I960; Dubey and Tuli, 1961 and Jhingran, 
1969)* Success in this ensured alternative supplies of dependable carp 
•seed*; and resulted in improvement and extension of 'culture* practices 
over the last two decades (Alikunhi, 1957; Chaudhuri, I960; Hora and 
Pillay, 1962; Bhimachar and Tripathi, 1967; Alikunhi et al. 1971; Sinha, 
1972 and Jhingran, 1973). 
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The work presented in this thesis pertains to both kinds of 
researches. In chapter 1 - 3 , developwent and feeding habits of carp fry 
have been examined in detail* It is related to growth and 'coiling* of 
their alimentary canal which not only reveals intraspecific differences 
bat also indicates the effect of feeding on the success that each species 
attain as adults* 
Chapters 4 •• 5 deal with the age estimation and length—weight 
relationship in mrigal* Results of studies on age determination of nrigal 
by means of scales, establishing their utility as age indicators in a 
population of the species of river Yamuna^ are presented* The growth 
equation has been derived and parameters worked out to fit the equation 
of yield/ recruit on the lines developed by Beverton and Holt (1957)* 
An appropriate mathematical formula has been derived for mrigal^ 
correlating the two variables length and weight for calculating one from 
the other from commercial point of view* The mathematical formula is 
based on the vast date (5798 specimens) covering an extensive size->range 
(155 « 1Q20 mm) from the riverine commercial catches spread over all the 
months of a year from the same assembly centre and, therefore, is likely 
to be most useful from practical view pdiint* 
Chapter 6 is a summary of experiments conducted on induced 
breeding of Indian major carps through administration of fish pituitary 
hormone* The knowledge regarding optimum ecological conditions and 
various other factors responsible for spawning of these fishes are 
insufficient* Such questions as relation of actual spawn obtained to 
fecundity of carps, and effect of temperature of water on breeding have 
been examined in detail* 
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In chapter 7y distribution of major carp larvae and the quali* 
tative as well as quantitative potential of the 370 km stretch of river 
Ganga (Patna to Rajmahal) in Bihar has been discussed* The seasonal 
indices of spawn quality and quantity at points of detailed investigations 
have been evaluated^ giving a satisfactory measure of spawn yielding 
capacity of the river stretch* 
Chapter 8 brings on record a new species, Corica biharenais. 
collected from river Ganga, which differed considerably from its only 
ce-gener, Coricgi soborna in a number of diagnostic features* 
The length-weight relationships and K - factors of the two 
clupeids, JC, biharensis and C^, soborn^ have been discusseri in chapter 9 
to further high-light their specific variations as the latter was fou«id 
in more robust health than the former* 
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^HAPTSf! I 
STUDIES ON THE FOOD AND ALIMENTARY CANAL OF 
INDIAN MAJOR CARP, CATLA CATLA (HAMILTON). 
t 6 t 
IMTRQDUCTION 
The first stage in the life cycle of a fish is completed at the 
expense of the food reserves contained in yolk in the egg* These resources^ 
however, sustain it only for a short period which is subject to some 
variations depending on the quantity of yolk stored and conditions under 
which the eggs develop* With the complete utilization of yolk the young 
fish commences feeding from its habitat* " During the process of develop* 
ment of the fish, changes take place in its food, which are connected with 
changes in its structure, corresponding to the changes in the composition 
of food, ontogenetic changes also take place in the structure of the 
feeding and digestive organs " (Nikolsky, 1963)* 
Food of the commercial species of Indian major carps such as 
Catla eatla. Labeo rohita and Cirrhina mrioala. etc., has been studied by 
several workers (Mookerjee, 1945} Chacko and Kuriyan, 1948; Alikunhi, 1952, 
1957 and 1958; Menon and Chacko, 1957; Mitra and Mohapatra, 1956 and 
Karoal, 1966)* Mookerjee and Ganguly (1948) have attempted to correlate 
the food, feeding habits and the chenges in the facial part during the 
developmental period in the four Indian major carps, £* catla. £, mriaala. 
^* rohita and ^ « calbasu« However, information on the food consumed by 
catla, rohu and mrigal during various stages of their life-history corre* 
lated with the differentiation of the alimentary canal and the associated 
C 
structures is at present laking and no systematic attempt has been made 
A-
to study the same* In the very early stages of development, because of 
difficulties in correctly identifying the different species, such studios 
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would ordinarily be difficult, but successful pond breeding of the major 
carps by administering pituitary harmone injections rendered it easy to 
procure entire series of larval and post-larval stages without confusion 
or mistake (Chaudhury and Alikunhi» 1957; Alikunhi ^ ^ . , 1960 and 
Chaudhuri, 196Q)» 
Accurate knowledge of the food consumed by the commercially 
important species during their larval and post-lar#al stages is essential 
for their successful rearing in nuvsery ponds* Alikunhi (1952) studied the 
food of carp fry and their feeding capacity under laboratory conditions 
but the fry, obtained from river collections, were not identified and in 
all pirobability comprised a mixture of several species. 
It is known that the structure of the alinentary canal varies 
depending on the food consumed by the species* The length of the gut is 
one of the important features considered in assessing the nature of diet 
in different species* The relation between the food habit and the 
intestinal length in Indian major carps has not yet been sufficiently 
clarified, however, it seems justified to say that all the herbivorous 
fishes have comparatively long intestines in accordance with the tendency 
generally accepted that the fishes with longer intestines are herbivoaous 
and those with short ones are carnivorous* The length and mode of coiling 
of the alimentary canal is used as a diagnostic character to differentiate 
various species (Babak, 1903, 1904 and 1905| Young, 1904, a and b; 
Jacobshagen, 1911 and 1913; Suyehiro, 1942 and Kafuku, 1952 and 1958), 
Kafuku (1952 and 1958) has shown that on the basis of the intestinal 
coiling the crucian carp, Carassii^s carassius can be easily sub-divided 
into varieties and each variety having distinguishing characteristics in 
the intestinal coiling. These varieties are further distinguished by 
t 8 t 
differencBB in their rate of gxoMth elso, Yoshizeki (1957 and 1958) has 
confirmed the above findings in a similar bat independent study of the 
varieties of Caraasius auratas and Carassiua carassiua. 
The major Indian carps, catla, rohu and mrigal, distributed in 
various river systems and water sheds in India are subjected to different 
•cological conditions* These species form the basis of an extensive pond 
culture industry in the country* As possible differences- in stocks, 
populations, races or varieties in a species may meen significant differ** 
ences in growth and production, a detailed study of the structure of 
mouth parts, gills and alimentary canal and the natural food consumed 
during different phases of lifeohistory were considered essential to 
determine the nature of stacks and define their distinguishing character** 
istics* As a preliminary step in this direction a systematic study of 
the natural food consumed and structural differentatien in the gut, gills 
and mouth parts of catla, rohu and mrigal larvae grown in nursery ponds 
was taken up* Observations made on catla, rohu and mrigal are briefly 
reported in the following section* 
Material for the present study was collected from nursery ponds 
at " Killa " and " Chowdwar " fish farms of the Central Inland Fisheries 
Research Sub-station, Cuttak* The nurseries were stocked with catla, rohu 
and mri|al spawn obtained by induced breeding of these species by adminisw 
tering pituitary hormone injections* Fry from different ponds were separa** 
tely sampled and preserved every alternate day during the period of 19 days 
of pond rearing* They were preserved on the spot in 2 % formalin during 
the first three days of rearing and in 4 ^ formalin thereafter* 
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Detailed study of the naterial included t 
1* Recording total length with the aid of a binocular 
microscope and a pair of fine dividers. 
2« Recoriing the nunher of gill-arches, gill-flanents and 
gill-rakers and sketching these structures with the help 
of a Camera-lucida* 
3* Dissection of the fish to expose alinentary canal, sketching 
its pattern of coiling froa ventral side, teasing and 
straightening the gut and measuring its length over a 
millimetre scale* 
4* Analysing the gut contents by counting the items of food or 
making an eye estimation of those items where counting was 
not possible and working out their percentages in total 
food present* 
The length of the gut is one of the structures of the alimentary 
canal that can be utilized for determining the feeding behaviour of the 
fish* As a matter of fact the absolute length of the alimentary canal is 
of little value and has to be reduced to a certain unit ratio* During the 
present investigation this ratio was taken as the length of the alimentary 
canal to the body length* 
HATCHLINSS 
The hatchlings examined 5 hours after hatching had no mouth but 
an invagination visible inside the outer membrane represented the mouth* 
Differentiation of the brain had progressed; a dark spot had appeared in 
each eye and the mymsmeres were present (Fig* 1)* Yolk-sac was elongated 
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and the e«hryonic fin fold was continuous. The average length sf the 
hatchling was 5*2 mm* 
One day after hatching, the hatchlings had the meuth formed 
and the eyes were pigmented (Fig« 2)* Pectoral fins were ftinctional. 
Dorsal, ventral and caudal fins were continuous and the caudal fin fold 
appeared faintly striated* Yol;k«sac had become smaller* The average body 
length had increased to 6*5 mm* 
MOUTH AND LIPS 
The mouth, as observed in the hatchlings 5 hours after hatching, 
is in the form of an invagination inside the outer membrane and is closed, 
lateral in position and slightly posterior to the eye and almost touching 
it (Fig* 1}* It opens for reppiration one day after hatching and has 
moved upwards becoming anteriorly placed to the eye and the eye is pushed 
slightly backwards and downwards* The mouth is still touching the eye and 
possesses very delicate thin margins (Fig* 2)« 
On the third d«y after hatching the margins of the mouth start 
becoming thick, indicating that the lips are coming into being, and the 
eyes get further pushed posterior to the mouth and no more touch the meuth; 
thus the mouth assumes a perfect anterior position (Fig* 3)* The thickening 
of the lips has further progressed on the 5th day after hatching and the 
large eye gets placed permanently posterior to the mouth (Fig, 4)* This 
thickening of the lips continues to progress steadily and finally the lips 
become much more thickened with in a few days* The thick lips are very 
clearly marked in Fig* 5, drawn from a specimen 11 days after hatching* 
t 1 1 I 
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FIGS. 1 -5—Stages in the development of tnouth and lips in the larval and post-larval states 
of C. catla. 
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GILLS 
According to Mookerjee (1945) the gill rudiments appear sixteen 
hours after fertilization* It has been noticed in the present investiga*" 
tion that the gills are fully farmed en the second day after hatching when 
four pairs of gill-arches each with a double row of gill-filaments are 
present* The gills form a very delicate mass at this stage* The gill-rakers 
are not yet formed* The general appearance of gill-arch as seen on the 
third day after hatching is shown in Fig* 6* On the fifth day after hatch-
ing gill is a complete structure with the development of gill-rakers in 
the form of minute tubular out-growths (Fig* 7)* Further development in 
the ramification of the gill-filaments and the elongation of the tubular 
gill-rakers continues as seen in Figs* 8, 9 and 10* Table I shows details 
of the development of gill-arches, gill-filaments and the gill-rakers 
during the first nineteen days after hatching* 
The gill-filaments and gill-rakers increase rapidly in number 
and length with the increase in body length whei^s the number of gill-arches 
remains constantly 4* In a specimen of catla measuring 173 mm in length 
the gill.filaraents had increased to 208 and the gill-rakers numbered 144* 
ALIMENTARY CANAL 
The alimentary canal starts functioning on the third day after 
hatching* At this stage it is, however^ a straight tube with its anterior 
end, immediately posterior to the oesophagus, much swollen* This straight 
tube like condition is very short lived and within two days, with increase 
in its length, it starts coiling to accommodate itself within the limited 
space of the body cavity. The mode of coiling of the alimentary tract is 
discussed in detail at a later stage in this chapter* 
t 13 : 
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FIGS. 6-10 -Successive siages in ihe Jevcbipmcnt of giH siiacture in the larval an,', pi>st-lar\al 
stages of C. catla. 
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TABLE I 
Details of gill structure in the early fry 
of Catla catla 
Age in days No» of gill-arches No, of gill-filaments No. o-f gill-
after hatching rakers 
0 .. -. -
2 4 11 -
3 4 10 -
5 4 14 9 
7 4 23 10 
9 4 23 •• 24 10 
11 4 22 - 23 10 - 13 
13 4 31 - 32 16 - 18 
15 4 30 - 31 17 - 21 
17 4 32 20 - 21 
19 4 31 - 33 19 - 21 
Length of gut and body length : The hatchlings examined about 
5 hour's after hatching had no mouth and gut. At this stage the yolk-sac 
is the only source of nourishment to the newly hatched fry, A well defined 
mouth develops a day after hatching, but the yolk-sac still formed the 
only source of food to the larva and continued to be so during the second 
day after hatching also. It is on the third day after hatching that, for 
the first time, food organisms are seen in the gut indicating the beginn-
ing of intake of food from outside by the young fish. At this stage, the 
gut is a short straight tube with an average length of 3,4 mm against the 
average body length of 7,2 mm. This represents the first-stage in the 
formation of the gut. Table II gives the actual increase in the length 
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of the alimentary canal and body during the first 19 days after hatching. 
From Table II it is evident that there occurred very poor growth in the 
length of fry between 13 and 19 days of hatching. This was probably due 
to the heavy concentration of the fry in a restricted space resulting in 
the poor growth. 
TABLE II 
Average length of body and alimentary canal during larval and post-
larval stages of Catla catla 
Age in days Average body * s n Average length .^ 5 c Ratio of 
after hatching length in mm, of alimentary length of 
canal in mm. alimentary 
canal to 
body Jiengtn 
0 5,2 ± D.2372 - - 0.576 
1 6.5 ± 0.1466 - - 0.461 
2 6,0 +_ 0.3000 - - 0.500 
3 7.2 ± 0.1888 3.4 ± 0.1251 0.47? 
5 7.9 1 0.1000 3.6 - 0.455 
7 11.3 i 0.4715 5.3 ± 0,4715 0,469 
9 12.2 ± 0.2359 7.9 - 0.573 
11 13.7 i 0.2359 8.0 ± 0,8165 0,583 
13 16.5 i 0.3497 10.0 + 0.8165 0,606 
15 16.3 2 0.9429 10,3 ^ 2,0548 0.631 
17 15,8 ± 0,2359 10,2 ± 1.6477 0.643 
19 16.5 + 0.5282 11.2 + 0.2359 0,678 
The increase in body length is almost comparable to that of the 
alimentary canal which remained shorter than the body up to 19 days after 
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hatching. The ratio of the length of alimentary canal to the body length 
on the third day of hatching was 0,472 and during the next sixteen days 
it increased only up to 0»678» 
In a 24,0 mm long catla fry the gut length/body length ratio 
was observed to be 1,0, This short intestine, typical of a carnivore, 
rapidly increases in length thereafter at a much faster rate th?n the 
body, getting deeply and repeatedly coiled during the process Q^ length-
ening. The ratio of the alimentary canal to the body length progressivel, 
increases in catla as the fish grows. Table III shows the ratio o^- the 
alimentary canal to the body length of catla ranging in total length 
from 19 - 173 mm» 
TABLE III 
Ratio of the alimentary canal and the body length in 
Catla catla 
Body length in mm. 
19 
24 
35 
41 
50 
68 
90 
120 
173 
Length of a l i m e n t a r y 
c a n a l in mm. 
18 
24 
50 
70 
120 
237 
395 
655 
1095 
Ratio of l eng th a'r 
a l i m e n t a r y canal tr 
body l e n g t h 
0,947 
1.000 
1.429 
1.707 
2,400 
3.382 
4,388 
5 .458 
6»329 
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Nature of coiling : The alimentary canal of catla on the third 
day after hatching is a straight tube and represents the first stage of 
its development (Fig, llA), It is just formed at this stage and starts 
fuctioning. Posterior to the oespphagus it increases in diameter forming 
an intestinal swelling as in all other Cyprinids so far describedby 
various authors. Al -Hussaini (1949) studying the functional morphology 
of the alimentary tract of Cyprinus caoioi Rutilus rutilus and bobio qobio 
observed that all the three species are stomachless. The loss of food 
holding capacity of the stomach is compensated by the swelling of the 
first limb of the intestine. This straight tube like condition of the 
alimentary canal remains unchanged till the fifth day after hatching. On 
the seventh day after hatching, the gut develops a sharp bend towards the 
left immediately after the swollen portion when viewed from the dorsal 
side and after slightly proceeding forwards it turns caudally, narrows down 
and terminates at the anus. In certain specimens of the same age this 
initial bending of the alimentary canal is not so well marked in the sense 
that the loop forerunner of the siphonal loop, does not proceed forwards 
but after a sharp turning towards left it again proceeds caudally and 
terminates at the anus (Fig, 11 B,C), 3oth these conditions represent the 
second stage of coiling of the intestine in catla fry. In the third stage 
of coiling (Fig, 11 D) observed on the ninth day, the siphonal loop 
proceeds further forwards almost to the middle of the first limb before 
it turns caudally. On the eleventh day after hatching the distal limb of 
siphonal loop reaches as far forwards as the transverse septum before it 
turns caudally once more and touring on the left of the siphonal loop, 
terminates at the anus (Fig, 11 E). This stage, representing the fourth 
stage, has the first limb placed dorsally to the second and the third limbs 
when viewed from above. The fifth stage of coiling, observed in the speci-
mens collected on the thirteenth day after hatching, was marked by a slight 
> ia t 
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Fios. 11 A-E—Mode of coiling of alimenUry canal in the early fry of C. caila. 
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invagination in the third limb towards the second, just about its mid-
pAint, and as a result the bend gets a slight upward tilt (rig, 11 E), 
The sixth stage observed on the nineteenth day after hatching shows a 
further deepening of the invagination in the third limb resulting in 
pushing the second limb closer to the first (Fig, 11 G), 
The gradual increase in the mode of coiling of the alimentary 
canal as it increases in length is given in Table IV, It is evident 
from the table that as the coiling starts and second stage is attained 
there is an appreciable increase in the gut length (56#9 % ) , and when 
the later stages are forming the gut length increases slowly and ultimat-
ely becomes 67«6 % of the body length when the sixth stage of coiling 
is reached on the 19th day after hatching. 
The alimentary canal becomes much more coiled as it increases 
rapidly in length with further increase in body length as described 
already. From Plate III, showing the general pattern of intestinal 
coiling in an adult catla measuring 516 mm in length it is evident that 
the alimentary canal appears like a circular mass of coiled tubes of 
almost uniform diameter. 
FOOD 
It was observed that the catla hatchling commenced ingesting 
food from its habitat for the first time on the third day after hatching, 
subsisting on yolk for the initial two days. The initial external feed 
was predominantly zooplanktonic (90 %) and only a small quantity of 
phytoplanktonic organisms (10 %) waa encountered in the gut contents. 
Among the zooplanktonic feed the rotifers were the chief items though a 
few nauplii were also taken along with them. Microcystis was the only 
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PLATE—III I 
Plate III Photograph of fully developed alimeniary canal of C". caila, showing the pattern of 
coiling 
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phytoplanktonic organism present. 
After the commencement of initial feeding from the environment 
the percentage composition of the natural food consumed by catla fry was 
observed to be increasingly zooplanktonic as shown in Table IV, The 
detailed examination of the gut contents showed that apart from the 
initial feed which was dominated by rotifers, the zooplanktonic part of 
the feed was dominated by ciadocerans up to the seventh day and from ths 
ninth day onwards till the end of this study on the nineteenth day, the 
copepods formed ths main items of feed together with a small proportion 
of ciadocerans, rotifers and nauplii. The phytoplanktonic proportion 
remained extremely negligible in the gut contents throughout the course 
of the study as is evident from Table IV, 
The gut analysis of catla fingerlings measuring 35,0 mm and 
41,0 mm and also that of an adult catla measuring 516,0 mm show a 
dominant proportion of copepods alongwith small quantities of ciadocerans, 
rotifers, nauplii and traces of phytoplanktonic organisms. Apart from the 
above stated organisms in the guts of catla fingerlings measuring 35,0 mm, 
a coleopteran larva was observed among the items of food which was founa 
occuring more consistently in the gut contents of Labeo rohita fry and 
and fingerlings (Kamal, 1966), 
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TABLE IV 
Average body length and stages of coiling of the alimentary canal, and 
the food consumed by larval and post-larval stages of Catla catla 
Age in Average Average Gut Coiling Food in % Remarks 
days after body gut length stages of Phyto- Zoopl-
hatching length length (% in aliwen- plankton ankton 
in mm, in mm. body tary 
length) canal 
3 
5 
7 
9 
1 1 
13 
15 
17 
19 
7 . 2 
7 , 9 
1 1 . 3 
12 .2 
13 .7 
16 .5 
16 ,3 
15.8 
16.5 
3 . 4 
3 . 6 
5 , 3 
7 . 0 
8 . 0 
10 ,0 
1 0 . 3 
10 ,2 
11 ,2 
47 .2 
4 5 . 5 
56 ,9 
57 .3 
5 8 . 3 
60 .6 
6 3 . 1 
64 .5 
67 .8 
I 
I 
I I 
I I I 
IV 
V 
V 
V 
VI 
10 
1 
1 
5 
n i l 
1 
4 
n i l 
n i l 
90 
99 
99 
95 
100 
99 
96 
100 
100 
Re 
C l c 
i t i f e r s domine 
idocerans " 
M It 
Copepods dominar 
H tl 
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GENERAL REMARKS 
Chacko and Kurxyan (1943) observed that the yolk-sac gets 
completely absorbed at the end of the second day. It is on the third day 
that the alimentary canal is completed and the fry starts taking external 
food, although the gill-rakers are not yet formed indicating that at 
least at this stage the fry does not require them in the selection of 
its food and probably feeds by sight, as also reported by Mookerjee and 
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Ganguly (1948), Alikunhi (1958) observed that carp fry distinguish the 
desirable from the undesirable items of food and, therefore, feeding 
is deliberate and selective. Although the gill-filaments and the gill-
rakers increase in number rapidly within a few days of hatching the gill-
rakers re«ain as small tubercles and grovj slowly in length so that they 
do not seem to play an important role in the selection of food at least 
during the first 19 days after hatching. The feeding might also be 
possible by contact as has been suggested by Alikunhi (1958) when he 
observed the carp fry feeding in darkness though to a limited extent* 
As in a typical sight feeder, the catla fry also is characterised by 
the possession of large eyes and Igig mouth and the absence of barbels at 
this early stage, Nikolsky (1963) states that in the majority of fishes, 
in the earlier stages of development when they feed on plankton, the eyes 
and the organs of lateral line play the major part in orientation towards 
food. 
The growth in the body length and in the length of the alimen-
tary canal has been observed to be almost isometric in the first 19 days 
of hatching whereas in later stages, as the fish grows, the rate of 
increase of the gut is much faster. The length of the digestive tract is 
closely related to the type of food, Nikolsky (1963) observed that among 
the fishes which have no stomach (Cyprinoides), the intestine comprises 
less than 100 % of the body length in carnivores, and more than 100 % of 
the body length in herbivores. The relative length of the alimentary canal 
in the specimens of catla fry examined up to 19 day?after hatching is less 
than 100 % of the body length and varies between 47,2 % and 67,8 % only. 
In a specimen of catla fingerling measuring 24,0 mm the gut is found to 
be exactly equal to that of the body length (100 %), In bigger specimens 
of catla the length of the gut has become more than 100 % of the length 
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of the body* 
The alimentary canal, when initially formed, is a straight tube 
and remains so up to the fifth day after hatching, when it starts coiling 
at a very slow pace and during the next fourteen days attains the sixth 
stage, 
Mookerjee (1945) observed catla fry of 5 - 10 ram in length taking 
minute unicellular algae as their food, and those ranging from 1-2 cm in 
length consuming protozoa of various nature. Mitra and Mohapatra (1956) 
observed that a diet of zooplankton consisting of minute organisms is 
essential for the proper nutrition of carp fry and the occurrence of 
phytoplankton blooms produce detrimental results, Alikunhi (1957) reported 
that the young ones of catla, from the time they begin feeding until th^ 
reach a length of about 15 to 20 mm, feed almost exclusively on water-
fleas and other animalcules in the water. After that stage they are proba-
bly capable of making use also of microscopic plants floating in the water, 
though at all stages water-fleas and other animalcules in the water consti-
tute an important item of food, Catla fry from the time it starts taking 
external food shows a dominant percentage of the zooplanktonic organisms 
(90 %) in its gut contents and maintains the preference for such a diet 
as its basic food in an increasing manner till it takes 100 % zooplankton 
on the seventeenth and nineteenth day after hatching. It is interesting 
to note that on the day it starts feeding rotifers dominate the feed, then 
the preference is switched over to the cladocerans till the seventh day. 
From the ninth day onwards the copepods are the predominant constituents 
of the gut contents. Apart from the debris, which is found in considerable 
quantities in the later stages, the copepods remain the dominant item of 
food up to the adult stage. 
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Al-Hussaini (1947 b) working on Red-sea fishes considered the 
shortness of the. gut as one of the characters of the carnivorous fishes, 
Verigin (1950) observed in the larvae of Hypophthalmichthys molitrix 
which feed on zooplankton that the intestine is short, comprising less 
than 100 % of the body length; while in the adult, it is fifteen times 
as long as the body. The predominantly zooplanktonic diet of catla is 
probably the cause of the shortness of its alimentary canal (less than 
100 %) in the early phase of its larval and post-larval history. In 
the fingerling and adult stage although zooplankton continue to dominate 
the feed, appreciable quantities of debris and vegetable matter are 
also encountered. As a result of this mixed type of feeding the relative 
length of the alimentary canal increases and becomes more than 100 % 
of the body length* 
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CHAPTER II 
STUDIES ON THE FOOD AND ALIMENTARY CANAL OF 
INDIAN MAJOR CARP, LABEO ROHITA (HAMILTON). 
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MOUTH AND LIPS 
The mouth in the larvae at the time of hatching, is in the form 
of a small notch just above the yolk-sac and is closed (Fig, 1 A), The 
•otch deepens and the mouth opens for reppiration one day after hatching. 
At this stage, it possesses very thin and delicate margins and is almost 
facing the eyes when viewed laterally (F"ig» 1 B), On the second day after 
hatching the mouth moves upwards, assuming a perfect anterior position 
and the eyes become posterior to the mouth (Fig, 1 C), 
It is on the fifth day after hatching that the margins of the 
mouth develop thickenings, which form the lips (Fig, 1 D), These lips 
gradually become more and more pronounced and start becoming fringed on 
the thirteenth day after hatching. By this time a pair of minute barbels 
also develop below the lips, one on either side of the mouth (Fig, 1 E), 
though Mookerjee (1945) reported the appearance of barbels in the third 
week after hatching. The growth of the barbels and the lips continues 
till the barbels develop int* stout projections and the lips become much 
thickened and fringed on the nineteenth day after hatching (Fig, 1 F), 
The lower lip is much more thickened and fringed than the upper lip and 
is somewhat projected downwards. 
Sigs 
Mookerjee (1945) recorded the appearance of gill rudiments 15 
hours and 50 minutes after fertilization. During the present investigation, 
although the thin and fibrous gill-arches were visible one day after 
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FIG. 1. Stages in the development of mouth and lips in the larval and post-larval stages 
of L. rohita. 
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Fio. 2. Successive stages in the development of gill structure in the larval and post-larval 
stages of L. rohita. 
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hatching, they were not fully developed until the second day, when four 
pairs of these were clearly formed, each with a double row of gill-
filaraents but without gill-rakers. The gills form very delicate structu-
res at this stage and the general appearance of a gill-arch as observed 
on the third day after hatching is shown in Fig, 2 G, The formation of 
the gill-arch is completed on the fifth day with the appearance of minute 
tubular gill-rakers which soon begin to elongate as the fry grows in 
length, Fig, 2 H shows the condition of the gill-arch, as seen on the 
seventh day after hatching, With the growing size of the fry there is a 
corresponding increase in the number and size of gill-filaments and gill-
rakers as shown in Fig, 2 I, J, K, Table I gives details of the develop-
nient of gill-arches, gill-filaments and the gill-rakers during the initial 
19 days of life of the rohu fry after hatching, 
TABLE I 
G i l l s t r u c t u r e in the ear ly fry of ^ , roh i ta 
Age in days Number of g i l l - a r c h e s Number of g i l l - Number of g i l l -
0 
1 
2 
3 
5 
7 
9 
13 
15 
17 
19 
4 
4 
4 
4 
4 
4 
4 
4 
f i l a m e n t s 
11 
11 
13 
13-15 
19-21 
23-24 
24-25 
33-35 
35 
rakers 
10-11 
10-11 
10 • 
13-14 
15 
20^21 
21 
* In the few specimens examined only 10 aill ,. u ' 
xt xs obvious that in some others i could be i T "'" °^^«--d, but 
v-uLij.-! oe XI or more. 
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In the fry of rohu a day after hatching ths median fin-folds 
are continuous around the tail. The continuity of the ventral fin-fold is 
broken by a notch above the anal aperture, which is represented by a 
small depression in the body wall at this stage. The region of the caudal 
fin is marked by fine striations. On the third day after hatching these 
striations can be seen in the median fin-folds as well and the pectoral 
fins have developed* 
The dorsal fin, on the seventh day after hatching, is not 
complete but possesses only eight rays. The median fin-folds are still 
continuous with the caudal fin, the anal fin is forming, the ventral fins 
have not yet been formed and the pectorals are devoid of any rays as yet» 
On the ninth day after hatching, the fry is equipped with all 
the fins, though still not fully developed, Mookerjee (1945) reported the 
appearance of the dorsal fin rudiment on the eighth day after hatching, 
whereas during the present investigation, as mentioned above, the dorsal 
fin was found to have developed on the seventh day and wa* already having 
a few fin rays. Similarly, Mookerjee (1945) reported the appearance of 
pelvic and anal fin rudiments on the eighteenth and twelfth days respec-
tively, whereas they were found on the ninth and seventh days respectively 
during the present investigation, 
ALIMENTARY CANAL 
Although the intestine had been formed on the second day no 
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external feeding was seen till the third day after hatching, indicating 
thereby that the alimentary canal was not yet functionally complete and the 
yolk-sac persisted in a thin and elongated forra» The alimentary canal 
was observed to be functionally complete on the fifth day after hatching* 
As the specimens on the fourth day could not be examined, it is possible 
that the alimentary canal had become functional at this stage. On the 
fifth day after hatching, the alimentary canal is a straight tube having 
a swollen part immediately behind the oesophagus. Das and Moitra (1956 b) 
observed that the oesophagus, on entering the body cavity, expands into 
a thick-walled intestinal bulb» Sarabhai (193Q) reported that a true 
stomach, comparable to that of other bony fishes, is absent in Labeo 
rohita and is replaced by the swelling of the first limb of the intesti-
ne, known as the intestinal bulb. The straight tube-like alimentary 
canal starts coiling from the sixth day after hatching as it increases 
in length and has to accommodate itself within the limited space of the 
body cavity. The mode of coiling of the alimentary canal has been discu-
ssed in detail in a later section (vide infra)« 
Length of out and body length : On the fifth day after hatch-
ing the alimentary canal of the larva averages 3,3 mm in length, as 
against its average body length of 6,9 mm. This is the first stage in the 
formation of gut in the rohu fry. The actual increase in length of the 
fry and its alimentary canal during the first nineteen days after hatching 
is shown in Table II, 
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TABLE II 
Average body and alimentary canal length (in ram) in 
the larvae and post-larvae of L^ , rohita 
Age in days Average body j^  S« D, 
length 
Average length _^  5, D» Ratio of the 
of alimentary length of 
canal alimentary 
canal to 
body length 
0 
1 
2 
3 
5 
7 
9 
13 
15 
17 
19 
4 . 3 
5 . 2 
5 . 8 
6 . 0 
6 . 9 
9 . 0 
12 .5 
14 .2 
14 .8 
19 .0 
19 .0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0.2449 
0.4092 
0 .2498 
0 .1356 
0.0866 
0 .8160 
0,3659 
0 .2358 
0.2358 
0 .7071 
-
-
-
-
-
3 , 3 
4 . 0 
7 , 0 
10,7 
11 ,8 
26 ,3 
24.0 
+ 
+ 
+ 
+ 
+ 
-
-
-
-
0.0433 
-
0.7071 
0.4715 
0.2429 
3.8694 
« • 
0.714 
0.576 
0 .517 
0.500 
0 .471 
0.444 
0.560 
0 .753 
0 .797 
1.384 
1.261 
The gut of young rohu fry suggests their carnivorous habit 
since it is shorter than the body up to the fifteenth day after hatching. 
Thereafter, it increases in length at a faster rate than the body and 
gets profusely coiled during the process. The ratio between the alimentary 
canal and body length increases progressively with the growth of the fish, 
as shown in Table III. 
: 34 t 
TABLE III 
Ratio between the alimentary canal length and body length at 
various sizes of Labeo rohita 
Body length in ram Length of alimentary 
canal in mm 
Ratio of length of 
alimentary canal to 
body length 
35 
47 
61 
85 
100 
105 
110 
173 
322 
533 
745 
973 
1096 
1203 
4.94 
6.85 
8,74 
8.76 
9.73 
10.43 
10.94 
Nature of coiling ! In the young fry of L^« rohita. the alimen-
tary canal is a straight tube on the fifth day after hatching, represen-
ting the first stage in its development (Fig, 3 L). As in catla (Chapter I), 
immediately posterior to the oesophagus, the alimentary canal increases 
in diameter forming an intestinal swelling, also ^^^^^ ^^ ^^^ intestinal 
bulb (Sarabahi, 1939), The absence of a stomach, resulting in the loss 
of food—holding capacity, is compensated by auch a selling as reported 
by Al-Hussaini (1949) in the case of Cyprinus carpio. Rutilus rutlius and 
Gobip qobio while studying the functional morphology of their alimentary 
tracts and by Sarabahi (1939) while studying the alimentary canal of L., 
rohita. On the seventh day after hatching a change in form of the alimen-
tary canal occurs, caused by a slight bend towards the left in the region 
t 35 t 
'H ' 0 
f^  ro T 
Fio. 3. Mode of coiling of the alimentary canal in the early fry of L. rohita. 
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immeeliately following the swollen portion when viewed dorsally. This loop, 
a fore-runner of the siphonal loop, again proceeds caudally and terminates 
at the anus (F"ig, 3 M), representing the second stage of coiling. The 
coiling prograsses substantially by the ninth day; the bend towards the 
left becomes very sharp and the siphonal loop proceeds forwards. In cer-
tain cases the distal end of the siphonal loop reaches up to the middle 
of the first limb before it turns caudally (third stage); in other speci-
mens of the same age it reaches as far forwards as the transverse septum 
before it turns caudally (fourth stage), narrows down, and after running 
on the left of the siphonal loop, terminates at the anus (Fig. 3 N, 0), 
When viewed from above the first limb is situated dorsally to the second 
and third, as reported earlier by Das and Moitra (1956), Further develo-
pment in the intestinal coiling is observed on the thirteenth day after 
hatching. This is marked by the appearance of an invagination in the 
third limb very close to the point where it meets the second limb. As a 
result of this the second limb is pushed closer to the first towards its 
distal end and the bend between the second and third limbs turns towards 
the left (Fig, 3 P)« In some specimens this bend is found projecting 
downwards due to the deepening of the invagination in the third limb 
(Fig, 3 Q), These two stages represent the fifth and sixth stages of 
coiling, respectively. The seventh stage, observed on the fifteenth day, 
is characterized by further deepening of the invagination in the third 
bend 
limb and by the backward projection of the above^(Fig, 3 R), On the seventh 
day, the alinental coiling is much advanced and the beginning of a complex 
system of coils is apparent. The continued invagination in the third limb 
causes the middle regions of the 2nd and 3rd limbs to cross over the 1st 
limb and to occupy a position on its right. This represents the eighth 
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PLATE I 
Photograph of fully developed alimentary canal of L. 
showing the pattern of coiling. 
rohila. 
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stage in the coilio| of the alimentary tract (Fig, 3 5), The ninth stage, 
as observed on the nineteenth day, is not more advanced than the previous 
condition, but is simply characterized by the elongation of the bend 
between the second and third limbs and its projection in the space caused 
by the pushing of the second and third limbs towards the right (Fig. 3 T), 
The ultimate complex nature of alimental coiling in an adult rohu measur-
ing 490 mm in length is shown in Plate I, 
FOOD 
At the time of hatching, the larvae possess neither a mouth 
nor the gut and obtain their noursihment from the yolk-sac. The mouth 
develops a day after hatching but it takes a couple of days for it to 
become functionally adapted for gulping in the food items from the water. 
Till then the yolk—sac remains the only source of nourishment for the 
young fry. 
Food items are noticed for the first time in the gut of rohu 
fry on the 5th day after hatching. It is possible that the intake of 
external food starts on the fourth day itself, but this could not be 
verfied during the current investigation. This initial intake of external 
food has been found to be predominantly zooplanktonic (90 %) as in catla 
(Chapter I) and the phytoplanktonic contents are very low (10 % ) , The 
zooplanktonic content of the feed consists mainly of cladocerans, supple-
mented with copepods and insect larvae. The occurrence of insect larvae, 
represented by coleopteran larvae, from this early stage onwards in the 
fry and fingerlings of Labeo rohita has been reported by Kamal (1966), 
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The phytoplanctonic part of the feed is represented by Microcystiil, The 
preference for zooplanktonic food is too well marked as the fry grows 
bigger. During the present investigation, phytoplanktonic elements were 
encountered in the feed on the ninth day for the second and last time, 
after which the gut contents consisted entirely of zooplankton (Table IV), 
Detailed examination of the gut contents has established that apart 
from the initial feed on the fifth day when cladocerans farmed the chief 
item of food, the copepods dominated the food items in the gut from the 
seventh till the nineteenth day after hatching, with only comparatively 
small quantities of cladocerans, insect larvae, rotifers and nauplii 
(Table IV), 
TABLE IV 
Average body and gut lengths, coiling stages of alimentary canal 
and the food consumed by the larval and post-larval 
stages of Labeo rohita 
Age in Body length ^^^ length Gut length Coiling Food in % Rem-
°^ y^  in mm in mm % in TL stages of Phyto- Zoopla- arks 
the gut plankton nkton 
10 90 Cladocerans 
Dominant. 
- 100 Copepods 
dominant. 
5 95 " " 
100 " " 
100 " " 
100 " " 
100 " " 
5 
7 
9 
13 
15 
17 
19 
6 , 9 
9 . 0 
1 2 , 5 
1 4 , 2 
1 4 . 8 
1 9 . 0 
1 9 . 0 
3 , 3 
4 , 0 
7 , 0 
1 0 , 7 
1 1 , 8 
2 6 . 3 
2 4 , 0 
4 7 , 1 
4 4 , 4 
5 6 , 0 
7 5 . 3 
7 9 . 7 
1 3 8 , 4 
1 2 6 , 3 
I 
I I 
I I I 8. IV 
V & VI 
VII 
V I I I 
IX 
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Coleopteran larvae were found to consitute the main feed (60 %) 
of a specimen measuring 35»0 mm, along with appreciable quantities of 
debris and a few diatoms, whereas in another specimen measuring 40.5 mm 
in length, debris was observed to be the dominant part of the gut contents 
(85 %)f along with a few coleopteran larvae and Navicula, 
GENERAL REMARKS 
The newly hatched larvae have no mouth and eyes and their aver-
age length is 4.3 mm, Mookerjee (1945) recorded the length of the newly 
hatched larvae as ranging from 3,5 to 4.5 mm, A day after hatching, the 
mouth and the eyes come into being and thin and fibrous gill-arches appear. 
The intestine is formed on the second day, but no external feeding is evi-
dent and the fry is nourished by the yolk-sac till the third day after 
hatching. External feeding as evidenced by the presence of planktonic 
organisms is noticed on the fifth day. The gill-rakers are just forming 
and, being minute structures, they do not seem to play, any important part 
in the selection of food organisms. Das and Moitra (1956 b) suggested that 
i"^  L* rohita the usual method of obtaining the food is • by sight, but that 
these fishes are capable of occasionally resorting to filter feeding, a 
mode of feeding normal in young stage, Alikunhi (1957) observed that the 
structure of the gill-rakers in rohu is such that they are not adapted 
to filtering minute planktonic organisms, Alikunhi (1958) found the carp 
fry distinguishing the desirable from undesirable items of food and, 
therefore,concluded that feeding is deliberate and selective. He further 
suggested the possibility of feeding among carp fry by contact as evidenced 
by their limited feeding in darkness, Mookerjee and Ganguly (1948) classi-
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fied ].. rohita as a member of taste-feeding type. As in citla (Chapter I), 
the development of gill-rakers in rohu is slow and this would support the 
view that they are not of much help in the selection of food. In keeping 
with the taste-feeding nature, the fry of L_» rohita are characterized by 
an early development of thick and fimbriated lips and a pair of barbels. 
According to Nikolsky (1963) the eyes and organs of lateral line in the 
early developmental stages of a majority of fishes are instrumental in 
orientation towards their planktonic food. 
The increase in total length of the fry and in the length of 
the alimentary canal is almost isometric till the seventh day after 
hatching. Thereafter, the increase in the gut length is more as compared 
to that of the body length, and the length of the alimentary canal, which 
is less than 50 % of the body length when initially formed (indicating 
carnivorous character), becomes more than 100 % on the seventeenth day 
(indicating herbivourous character). The rohu fry are observed to be 
dominantly zooplankton feeders during first nineteen days of their life, 
Mookerjee (1945) recorded that rohu fry measuring 5-10 mm in length feed 
on minute unicellular algae, while those measuring 10-20 mm in length 
take protozoans of various kindj as their food, Mitra and Mohapatra 
(1956) stressed the necessity of zooplanktonic diet for the proper nutri-
tion of carp fry and observed that phytoplanktonic blooms produced det^ri-
mental results, Alikunhi (1957) has observed that in bigger specimens of 
rohu, waterfleas and other animal-cules are rarely found in the consumed 
food while considerable quantities of bottom sand and mud, vegetable 
i. 
debris or decaying leaves of aquatic plants, planktonic algae, etc, consx-
tute the stomach contents. But, as in the catla, the young ones commence 
feeding on waterfleas and animalcules. During the present investigation 
it was noticed that the rohu fry, when they began taking external food. 
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consumet 
,d more of zooplankton (90 ^ ) , and as in catla {Chapter I), showed 
a liking for animal food in an increasing- degree in subsequent days. As 
is evident from Table IV, from the thirteenth to the nineteenth day they 
consumed nothing but zooplankton (IQQ %), The initial feed, on the fifth 
day, was dominated by cladocerans, whereas from the seventh to the 
nineteenth day copepods were preferred. Apart from cladocerans and cope-
pods, beetle larvae were found to be of consistent occurrence in consider-
able quantities, along with small quantities of rotifers and nauplii 
(Kamal, 1966), Microcystis was the only phytoplanktonic item recorded 
from the gut contents on two occasions during the first nineteen daySj|' 
Later on, while feeding predominantly on vegetable matter and debris 
(Mookerjee, 1945; Alikunhi, 1957), the gut length increases at a much 
faster rate, as evidenced by the fact that in a specimen measuring 35.Q mm 
the gut is about 5 times the body length and becomes about 11 times the 
body length in a specimen measuring 110 mm (Table III). Das and Moitra 
(1955 and 1956) classified L. rohita among herbivorous fishes and stated 
that the relative langth of the gut is about 12, 
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CHAPTER III 
STUDIES ON THE FOOD AND ALIMENTARY CANAL OF 
INDIAN MAJOR CARPS, CIRRHINA MRIGALA (HAMILTON), 
X 44 I 
To start with, before going to the details of differentiation 
of the alimentary canal and its associated structures, a brief description 
is given of the general structure of the mrigal hatchling, in order to 
facilitate easy identification of hatchlings collected from the riverine 
environment, specially since some points of difference were noticed from 
the earlier published account. 
HATCHLINGS 
According to Khan (1943) the length of the newly hatched 
rorigal embryo ranges from 3,8 to 4»0 mm. Curing the present investigations, 
the hatchlings were found to range from 5»0 to 6»0 mm in total length 
with an average length of 5«6 mm, within about five hours after hatching. 
As can be seen from Fig, 4 A, which shows the lateral aspect of the head 
region of mrigal hatchling, the mouth is not yet open and is represented 
by only a depression inside the outer membrane and just in level with the 
posterior curvatureof the eye and above the much swollen anterior end of 
the yolk—sac. The eyes are round and devoid of pigmentation. 
One day after hatching, the eyes are observed to be well deve-
loped and the mouth is formed (Fig, 4 B); the yolk-sac becomes narrow and 
the gills are well developed. Khan (1943) observed the gills in the form 
of tubular outgrowths by the end of the first day k,6', 24 hours after 
hatching, and recorded the length of the embryo at this stage at 5,6 mm. 
The hatchlings in the present case, one day after hatching, were observed 
to have an average body length of 6,9 mm, ranging from 6,5 to 7,0 mm. 
Khan (1943) has further observed that the mouth opens for respiration on 
the second dyy after hatching, when the embryo measures 5,8 mm in length. 
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D 
FIG. 4. Development of the mouth and lips in the larval and post-larval stages of C mrigala. 
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The average length of the hatchlings, during the course of the present 
investigations, was found to be 7»4 mm, 7.9 mm and 9.5 mm respectively 
on the third, fourth and fifth days. 
In the newly hatched young ones of mrigal the embryonic fin-
folds are continuous aroung the tail end. The dorsal fin-fold is faintly 
striated. Khan (1943) observed that in 11 hours after hatching the 
pectoral fins appear as bud-like outgrowths; 4 hours later the pectoral 
fins are clearly marked and 24 hours after hatching they are well deve-
loped. Pectorals have been found developed one day after hatching, thus 
confirming the above stated observations of Khan (1943), but aik this 
stage they are devoid of fin rays. Caudal is prominently striated. In 
the case of rohu, the pectorals develop as late as on the third day. 
On the sixth day after hatching, the baby fish is equipped 
with all the fins though still in an early stage of development, as 
against a similar condition being achieved in rohu on 9th day. At this 
stage the fin rays can be seen only in the dorsal and caudal fins and 
in some specimens in the anal fin too. Dorsal and caudal fins possess 
13 and 18 fin-rays respectively, Bhsreas 6 fin rays can be seen in the 
anal though not well developed. On the other hand. Khan (1943) could 
observe only 4 dorsal rays and 17-20 caudal rays on the seventh day. 
The number of rays in the various fins of young fry of mrigal 
from 6th to 17th day after hatching is shown in Table V, 
It is evident from the Table V that on the seventeenth day 
after hatching, the mrigal fry has attained a condition very similar 
to that of an adult in regard to the number of fin rays. 
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TABLE V 
D e t a i l s of f i n rays fo rma t ion in v a r i o u s f i n s of _C« rorigala 
Average 
Age in days body length 
in mm Dorsal 
Number of fin rays 
Caudal Anal Ventral Pectoral 
6 
7 
8 
9 
10 
11 
13 
15 
17 
11.8 
13.3 
15.5 
17.3 
16.0 
18.2 
18.6 
18.6 
25.0 
13 
13 
15 
16 
16 
16 
16 
16 
16 
18 
18-20 
27 
29 
30 
32 
35 
36 
37-38 
0-6 
6-8 
8 
8 
8 
8 
8 
8 
6 
7 
9 
9 
9 
9 
9 
9 
7 
7 
11 
12 
13 
13 
14-15 
MOUTH AND LIPS 
The mouth opens for respiration one day after hatching (Fig. 4 B), 
when it is seen to have moved upwards, with its opening lying somewhat 
in level with the anterior curvature of the eye. The depth of the mouth is 
also seen to have increased reaching as far down as the mid point of the 
eye ball. The mouth at this stage possesses very thin and delicate margins. 
Khan (1943) has also observed that by the end of the first day the depre-
ssion for the mouth is well marked and that it opens on the second day. 
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It is on the third day after hatching that the margins of the 
mouth sbo» the differentiation of thin lips (Fig« 4 C) and the mouth shifts 
to its permanent position anterior to the eyss, becoming terminal in 
position. The progressive development in the thickening of the lips is 
very slow and no appreciable change is evident on the fourth day (Fig. 4 D ) , 
The lips finally become clearly demarcated on the sixth day after hatching. 
The condition of the mouth and lips as seen on the tenth and thirteenth 
day after hatching is shown in Fig, 4 E and F respectively. 
5ILL5 
Khan (1943) reported the appearance of gills by the end of the 
first day as tubular outgrowths attached to the branchial arches, with 
blood vessels passing through them, and that by the end of the second day 
they are covered by the operculum. During the present investigations, a 
day after hatching the fry were observed to possess well-developed four 
pairs of thin and delicate gill-arches, with each gill-arch having a 
double row of gill-filaments, varying from 8 to 10 in number. The condi-
tion of a single gill-arch as seen at this stage is evident from Fig, 5 A, 
The gill-rackers are not yet developed at this stage, Contary to the 
very early development of gill-arches it is not before the six~th day 
after hatching that the presence of gill-rackers is noticed, as small 
bud-lika structures, 13 in number. Further development in the ramification 
and elongation of gill-filaments and gill-rakers cuntinues as seen in 
Fig, 5 B, C, D, and E, on the 7th, 8th, 10th and I3th day after hatching 
respectively. Table VI shows the details of development of the gill-arches, 
gill-filaments and gill-rakers during the seventeen-day period after hatching, 
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Fio. 5. Development of gill slructiire in the larval and post-larval stages of C. mrigala. 
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TABLE VI 
Details of development of gill structure of _C, mriqala 
Age in days No, of gill-arches No, of gill-filaments No, of gill-rakers 
gill-arch(range) per gill-arch(range) 
1 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
17 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
pai rs 
tt 
I I 
I I 
n 
I t 
I I 
I I 
I t 
It 
It 
I I 
tt 
8-10 
12-13 
13 
18 
22-25 
26-28 
30-31 
32-34 
32-35 
34-35 
35-37 
35-37 
44-50 
pa i rs 
tt 
n 
I I 
I I 
I I 
tt 
I I 
tt 
It 
It 
H 
I I 
13 pai rs 
13-14 
14-16 
16-19 
16-19 
16-19 
17-19 
17-19 
24-25 
tt 
It 
I I 
I I 
It 
H 
It 
It 
With the increase in body length of the fry the gill-filaments 
and the gill-rakers too increase rapidly in number and size, while the 
number of gill-arches remains constant at four on either side. 
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ALIMENTARY CANAL 
While studing the development of mrigal, Khan (1943) observed 
that although the stomach is visible under the air sac on the second day 
after hatching no lumen is seen in the intestine, which is a prolongation 
of the stomach extending posteriorly to the future anus« He further 
observed that on the third day after hatching the gut is completely formed 
with an opening to the exterior, and becomes functional as evidenced by 
the presence of food in it in some cases, the yolk-sac being considerably 
reduced and lying ventral to the gut. The yolk-sac, according to him, is 
completely absorbed on the fourth day* During the present investigations, 
all the specimens examined on the third day after hatching were seen to 
possess a functionally complete alimentary canal, as evidenced by the 
presence of food in their guts, thus lending support to the above-mentioned 
observations of Khan (1943)» At this stage the alimentary canal is a 
straight tube resembling the gut of an adult carnivore, running in bet* 
ween the mouth and the anus with its anterior and slightly swollen. The 
rapid increase in length does not permit the alimentary canal to remain 
a straight tube for long, and within a couple of days its farm changes 
and a tendency towards coiling is apparent so as to enable it to accommo-
date itself in the limited space available in the body cavity. The 
details of these changes in the form of the alimentary canal are discussed 
below. 
Length of the gut and body : At the time of its formation on 
the third day after hatching, the alimentary canal is a simple, nearly 
straight tube averaging 3,2 mm in length, as against the average body 
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length of 7»2 mm. This is the first stage in the formation of the alimen-
tary canal in mrigal hatchlings. The average lengths of the gut and body, 
as observed during the initial seventeen - day period after hatching, 
are given in Table VII to show the proportiinal relationship between the 
two characteristics of mrigal fry» 
TABL^ \IU 
Average body length and gut length during the larval 
and post-larval stages of _C, mriqala 
Age in days Body i_ S, D, But ^ 5, D, Ratio of gut length 
length length to body length 
in ram in ram 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
17 
7.4 
7.9 
9.5 
11.8 
13.3 
15.5 
17.3 
16.0 
18.2 
18.6 
18.6 
25.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0.5468 
0.7905 
0.5431 
3.3912 
0.7681 
0,4074 
1.2470 
0.9160 
0.7681 
0,9428 
0.9428 
2.4495 
3.2 
3.8 
4.8 
9.0 
12.3 
20.5 
25.3 
25.6 
36.0 
48.6 
45.3 
105.0 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1.7421 
0.1000 
0.4816 
1.4142 
1.2470 
1.6971 
1.2470 
1,8854 
4.5454 
7,3560 
2,6245 
+20.0000 
0,432 
0.481 
0.494 
0.762 
0.946 
1.290 
1.462 
1.600 
1.978 
2.604 
2.462 
4.400 
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As is evident from Table VII, the alimentary canal of narigal 
fry, though initially lacking like that of an adult carnivore (less than 
100 % of the body length) soon assumes herbivorous form and becomes more 
than 100 % of the body length. The alimentary canal remains shorter than 
the body up to the seventh day and from the eighth day onwards it incre-
ases at a much faster rate, becoming longer than the body. The ratio of 
the alimentary canal to the body length progressively changes as the 
baby fish grows bigger and, during this process of lengthening, it gets 
complexly coiled. The ratio of the alimentary canal to the body length 
in specimens of mrigal ranging in length from 35 to 687 mm is given in 
Table VIII. 
Nature of coiling : The mode of coiling of the alimentary 
canal in _C, mriqala is more complex as compared to that in _C, catla and 
k* J^ohita (Chapters I and II), In mrigal, the alimentary canal remains 
a straight tube (first stage) till the fourth day after hatching (Fig, 6 I), 
and the first change in its form is observed on the fifth day. On the 
other hand, in the case of catla and rohu the straight tube-like condi-
tion of the gut is observed to persist till the fifth day. The initial 
change in the form of the alimentary canal of the mrigal fry as observed 
on the fifth day is caused by a sharp flexure towards left, as viewed 
from the dorsal side, almost in the middle region of the gut and immedi-
ately following the intestinal bulb. This loop, a fore-runner of the 
siphonal loop, again proceeds caudally terminating at the anus (Fig. 6 II), 
This represents the second stage of coiling and resembles a similar 
stage of alimental coiling in catla on the seventh day. On the following 
day, i.e. the sixth day after hatching, this flexure becomes deeper by 
the forward movement of the siphonal loop up to the anterior extremity 
I 
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Flo. 6. Semi-diagrammatic presentation of progressive change in the coiling pattern 
of alimentary canal in the larval and post-larval stages of C. mrigala. 
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TABLE VIII 
Ratio of length of alimentary canal to body length in _C, mriqala 
Body length in mm Gut length in mm Ratio of gut length 
to body length 
35 
50 
80 
113 
150 
255 
394 
590 
687 
175 
347 
721 
1250 
laoo. 
3626 
5989 
10350 
18700 
5.00 
6,94 
9.01 
11.62 
12,00 
14,22 
15.20 
17.54 
24.31 
of the body cavity before it turns caudally and touring on the left of 
the siphonal loop, terminates at the anus (Pig, 6 III). This is the 
third stage of coiling and is somewhat comparable to the fourth stage 
of alimental coiling in catla and rohu fry on the eleventh and ninth 
days respectively. The general form of the alimentary canal at this 
stage is very simple and takes somewhat the form of the latter " n " 
Kafuku (1958) found similar intestinal structure, which he has termed 
as " common type ", in the majority of Japanese cyprinids, while 
according to Suyehiro (1942) this structure is demonstrated very 
frequently by the species of the teleosts in general. As found by the 
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author in the case of catla and rohu fry, when viewed from above, the 
first limb is found to be placed dorsally to the second and third limbs, 
Similar observations have blso been reported by Das and Moitra (1956) 
in the case of Labeo rohita. where they found the first limb lying dorsa-
lly to the coils of the intestine proper. 
The form of the alimentary canal oh the seventh day after hat-
ching shows a further change by the formation of a small loop at the 
second flexure (Fig, 6 IV) and this represents the fourth stage resem-
bling the fifth and sixth stages of coiling of the alimentary canal in 
catla and rohu on the nineteenth and thirteenth day respectively, 
Kafuku (1958) has termed this type of structure as " Zaccotype ", which 
is typically seen in the members of the sub-family Leuciscinae, 
The loop at the second flexure shows further deepening of 
varying degrees on the eighth day after hatching, and the general form 
of the alimentary canal can now be grouped into two stages of coiling, 
viz., the fifth and sixth (f"ig. 6 V, VI) which are comparable to the 
sixth and seventh stages of coiling in rohu on the thirteenth and fiftee-
nth day respectively, Kafuku (1958) termed this as the " Cyprinus-type " 
and reported this type of intestine in common carp and crucian carp of 
Japan, The second and third limbs in these stages are pushed closer to 
the first and even cross over to the left of it when viewed dorsally. 
The seventh stage (Fig, 6 VII), as observed on the ninth day, shows a 
deeper invagination in second and third limbs and the bend joining these 
limbs projects downwards, thus resembling the eighth stage of coiling 
in rohu on the seventeenth day after hatching. This condition conforms 
to the " ctenopharyngodontype " of Kafuku (1958) found in only one species 
in Japanese waters, viz., Ishikauia steenakeri and also in the Chinese carp, 
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Ctenopharvnqodon idellus, Hypophthalmichthys molitrixt Arjstichthys 
nobilis and Mylopharynqodon piceus. The eighth stage (Fig. 6 VIII) as 
seen in specimens of mrigal on the tenth day, shows very little further 
change, in that the downward projected bend joining the second and 
third limbs tilts towards the left and touches the first limb, whereas 
in the ninth stage on the eleventh day this bend elongates and reaches 
almost to the base of the cavity formed as a result of the invagination 
in the second and third limbs (Fig, 6 IX), The increasingly fast rate 
of growth in length of the alimentary canal makes the coiling pattern 
of the gut very much complicated from the thirteenth day onwards. The 
tenth, eleventh and twelfth stages of coiling as recorded on the 
thirteenth, fifteenth and seventeenth day after hatching (Fig, 6 X,XI,XII) 
reveal that the process towards a most complicated pattern of alimental 
coiling has already set in at this early stage. 
Since the gut grows much faster in length than the abdominal 
cavity, secondary flexures are produced between the primary ones, Bodola 
(1966), while reporting his observations on the life-history of giz?ard 
shad, Dorosoma cepedianum (Lesueur), states that the flexures in the gut 
provide landmarks by means of which one can determine relative rates of 
growth of the different portions of the gut. The caudal portion grows 
more rapidly and continues to grow over a longer period than any other 
section. Although the course of the gut of a young mrigal is complicated, 
it is relatively simple in comparison with that of the adult in which the 
convolutions are so numerous and complex that they defy tracing on a two-
dimensional illustration. Indeed the gut which amounts to even less than 
on^half of the total length of the three-day old fish, becomes in an 
adult of, say, 687 mm twenty-four times the length of the fish. The 
alimental coiling of an adult mrigal is shown in Plate II, 
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PLATI^ II 
Photograph of the alimentary canal of C. mrigala, showing the 
Coiling pattern in an adult. 
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FOOD 
The feeding commences in mrigal fry on the third day after 
hatching, as in the case of catla (Chapter I), Zooplankters dominate 
the initial intake of external food organisms, though to a lesser deg-
ree as compared to the initial external feed of catla and rohu (Chapters 
I and II). The zooplanktonic proportion of ths feed ccr? t,iti.'tes 7"^  /-
while the remaining 23 % consisting of phytoplankton. Amongst the 
zooplanktonic items, the cladocerans are most dominant, while amoagst 
the phytoplnkton only Microcystis is encountered at this stage. An 
K 
initial availability of 0.1 - 0.3 ml of zooplankton per fry, yields 
optimum results under field conditions and a higher concentration than 
this does not show appreciably better result (Mitra and Mohapatra, 1955)» 
According to Alikunhi (1952), zooplankters particularly entomostracan 
crustaceans and rotifers, appear to constitute the " Main food " of 
ths carp fry, while planktonic algae can only be considered as " emergency 
food ". 
After the commencement of feeding on planktonic organisms 
present in the water, mrigal fry are observed to consume varying propor-
tions of zoo-and phytoplankters during the seventeen days of their life 
after hatching (Table IX), The zooplankton continue to dominate the 
diet till it becomes 100 % zooplanktonic on the eighth day after hatching. 
On the ninth day, the phytoplankton is found to be dominant (56,5 %) in 
the gut contents for the first time. From there on, no definite trend 
of feeding could be discerned since the gut contents were at times 
dominated by zooplankters and at times by phytoplankters (Tabls IX), 
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TABLE IX 
Average body and gut lengths, coiling stages of the alimentary canal 
and food consumed by the larval and post-larval stages of _C, mriqala 
Age in Average length Coiling stages Food in percentage Dominant item 
days in mm of the alimen- Phytopla- Zooplank- of food 
Body Gut tary canal nkton ton 
3 
4 
5 
6 
7 
8 
9 
7.4 
7.9 
9.5 
11.3 
13.3 
15.5 
17.3 
3.2 
3.8 
4.8 
9.0 
12.3 
20.5 
25,3 
I 
I 
II 
III 
IV 
V &. 
VII 
VI 
23.0 
30.0 
11.o 
6.0 
3.3 
-
56.6 
77.0 
70.0 
88.4 
94.0 
96.7 
100.0 
43.4 
Cladocerans 
It 
It 
It 
Copepods 
i« 
Trachelomonas 
Oscillatoria 
and copeptdds 
10 
11 
13 
15 
17 
16.0 
18.2 
18.6 
18,6 
25.0 
25.6 
36,0 
48.5 
45.3 
105.0 
VIII 
IX 
X 
xr 
XII 
27.3 
7.0 
100.0 
21.6 
99.0 
72.7 
93.0 
-
78.4 
1.0 
Cladocerans 
It 
Trachelomonas 
Copepods 
Trachelomanas 
On the thirteenth and seventeenth day after hatching, ths 
phytoplanktonic proportion was observed to be as high as 100 % and 90 % 
respectively. In the case of catla and rohu (Chapter I and II), the 
phytoplanktonic proportion in the gut contents is never seen to be so 
consistent and doss not comprise such a variety of phytoplanktonic 
organisms as in the case of mrigal fry during these initial days of feeding. 
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The preference for phytoplanktonic organisms as the " main food " is 
evident froin the very early stage in the life of mrigal. 
During the initial days of feeding, up to the seventeenth day 
after hatching, the mrigal fry have been observed to be utilising a 
variety of zoo- and phytoplanktonic organisms* These include cladocerans, 
copepods, rotifers, nauplii, ostracods and insect larvae among zooplank-
ters, and Gomphonema. Cymbells. Microcystis. Qedoqonium. Trachelomonas. 
Phacus and Euqlena among the phytoplanktonic organisms. 
The gut analysis of the mrigal fingerlings, measuring 35 and 
40 mm has shown a dominant proportion of debris (75 % and 90 %) respecti-
vely along with small proportions of phyto- and zooplankters, Alikunhi 
(1957) has reported the proportion of animal matter in the diet of 
mrigal as generally poor, though the young ones, as soon as they commence 
feeding, have the same feeding habits as those of catla and rohu. The 
fingerlings and adults take in relatively large quantities of decaying 
organic and vegetable debris, phytoplanktonic organisms, sand and mud 
than in the case of catla and rohu» 
As is evident from Table IX the mrigal fry show greater pre-
ference for cladocerans amongst the zooplankters and for Trachelomonas 
amongst the phytoplankters during the early phase of their life-history. 
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GENERAL REMARKS 
During the course of the present investigations it has been 
observed that the newly hatched embryos of Cirrhina tnriqala are devoid 
of a mouth and possess unpigmented round eyes and on an average measure 
5.6 mm in total length, as against the average body length of 5,2 and 
4,3 mm in the case of catla and rohu hatchlings respectively (Chapter 
I and II). A day after hatching the mouth is formed and the eyes and 
gills become well developed, as has also been reported by Khan (1943), 
The alimentary canal becomes functionally complete on the 
third day after hatching as evidenced by the presence of planktonic 
food items in it. The very late appearance of the gill-rakers ( on the 
sixth day after hatching) suggests that they are of little use in the 
selection of food in these early stages of life, Alikunhi (1957) has 
observed that in mrigal the gill-rakers are ill-adapted for filtering 
water and retaining particular organisms. Similarly, in the case of 
catla and rohu fry the gill-rakers have not been found to be of any 
significance in the selection of food (Chapter I and II; Alikunhi 1957). 
While grouping the major carps according to feeding habits, Mookerjee 
and Ganguly (1948) classified mrigal as a member of sight and taste 
feeding type, catla of sight feeding type and rohu of taste feeding type, 
Alikunhi (1958) has mentioned the possibility of feeding by contact 
among the carp fry, though to a limited extent, when he found them 
feeding in darkness. In the majority of fishes in the earlier stages of 
their development when they feed on plankton the eyes and the organs of 
lateral line play the major part in orientation towards food (Wikolsky, 
1963). 
t 63 t 
Growth in length of the alimentary canal is almost isometric 
to that of the body length up to the sixth day after hatching. Thereafter, 
the gut length increases at a much faster rate than the body length. 
When initially formed, the gut is only 43 % of the body length, with its 
anterior end swollen to form an intestinal bulb, thus very much resembling 
the gut of an adult carnivorous fish« Within a short period (on the eighth 
day) its length becomes more than 100 % of the body length and starts 
resembling a typical herbivorous type. It is quite interesting to note 
that the gut length of catla fry remains less than 100 % of the body length 
during the first 19 days of its life after hatching (Chapter I), whereas 
in the case of rohu fry the growth in length of the alimentary canal is 
somewhat rapid, becoming more than 100 % on the seventeenth day after 
hatching. In the larvae of Hypopthalmichthys molitrix. which feed on 
zooplankters, the intestine is short, comprising less than 100 % of the 
body length, while in the adult i^ is 15 times as long as the body 
(Verigin, 1950), 
From the very day of the commencement of feeding on external 
planktonic organisms, the mrigal fry, during the present investigation, 
were seen to consume a mixed type of food (phyto- and zooplankters) and 
the preference for animal diet (zooplankton) was noticed to be compara-
tively less marked than in catla and rohu. On the other hand according 
to Alikunhi (1957), the young ones of mrigal, as soon as they commence 
feeding, have the same feeding habits as those of catla and rohu. While 
initially the mrigal fry were seen to prefer zooplankton, eight days 
after hatching the trend became uncertain, but recorded a consistent 
presence of phytoplankton, which sometimes constituted as much as 100 % 
of the feed. This, however, was not the case with catla and rohu fry. 
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which continued to show a predilection for zooplanktonic food even beyond 
the eighth day after hatching (Chapter I and II), Increasing preference 
by mrigal fry, as they grow, for vegetable diet, is responsible for a 
much longer alimentary canal in mrigal than in catla and rohu« In an 
adult mrigal, measuring 687 mm the alimentary canal has been observed to 
be as long as 24 times the body length. 
As in catla and rohu, the alimentary canal of mrigal when initi-
ally formed is a straight tube but its form changes earlier than is the 
case with the other two major carps, Similarly, the mode of coiling is 
much more complicated as compared to that in catla and rohu. During the 
first fourteen days after its initial appearance on the third day, the 
alimentary canal in mrigal fry undergoes twelve stages of coiling, as 
against six and nine stages only in the case of catla and rohu respecti-
vely during the identical period (Chapter I and II), 
Mrigal fry is equipped with all the fins on the sixth day after 
hatching and on the seventeenth day has achieved a condition almost 
similar to its adult in regard to the number of fin rays, while in the 
case of rohu the full complement of fins is observed only on the ninth 
day after hatching. It can, therefore, be inferred that the mrigal fry 
are quicker in attaining adult-like condition than the rohu fry, 
Kafuku (1957) has attempted to classify the Japanese cyprinid, 
the crucian carp (Carassius fearassius) into three races on the basis of 
some anatomical characteristics employing the length of intestine and 
the type of its coiling as diagnostic characters of the fish, Kafuku 
(1958) opined that " If a species really includes several races with 
different life modes, supported by genetical fixation, each of the races 
will probably be reflected in some of its morphological characters. 
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It does appear in external characters but the differences may also be 
recognized in some internal characters of their physiological reaction ", 
The mode of alimental coiling of _C, mriqala is inferred to be 
the most specialized form as compared to those of _C, catla and L., rohita 
and in its development, appears recapitulating the supposed phylogene-
tical course. However, since the actual process of phylogeny of Indian 
major carps is beyond the scope of the present investigations, it will 
suffice to show only the likely inference at this moment. 
The larval development proceeds at a faster rate in mrigal. 
It also selects a more varied diet than either rohu or catla fry. This 
relative difference is also reflected in the adult condition, for the 
variety of organisms with detritus eaten by them far exceeds the variab-
ility of diet noticed in the other two species, Omnivory as opposed to 
specilaization in choice, has survival value. This is also confirmed by 
estimates of fish landings of the Ganga river system. Thus, mrigal forms 
the major fishery amongst the inland carps. 
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CHAPTER IV 
STUDIES ON THE AGE AND GROWTH OF CIRRHINA MRIGALA 
(HAMILTON) FROM RIVER YAMUNA AT ALLAHABAD 
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INTRODUCTION 
Although markings on scales and other bony parts of fish had 
been noticed by biologists for many years, and while theories had been 
advanced regarding correlation of these markings with the age of the 
fish, it was not until 1898 that Hoffbaur (1898) crystallized the theo-
ries and published a paper on the age of carp as determined from their 
scales. Since then, there has been rapid development in techniques for 
aging fish and the subject has received added impetus because of its 
importance as a tool in the science of applied fishery biology. To 
the fishery biologists, a knowledge of the age composition of available 
population is prerequisite to understanding any commercial fishery and 
its potentialities. The age composition of the catch is an estimate of 
the age composition of the population available to the fishery. The 
value of these age composition data increases with each annual addition. 
Age data is correlated with sexual maturity data to furnish age at 
maturity information, which is of importance in establishing size limits* 
Age and growth data can reveal what year classes of fish are being taken 
by the fishery, the extent to which dominant year class groups are 
contributing to the catch and whether a balance of population is main-
tained. Suitability of certain water for planting particular species 
can be assessed by the extent of growth as measured by the age and growth 
studies. 
Improvements in techniques and comprehensive bibliographies 
of papers on determination of age of fish are contained in contributions 
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of Lee (I92O), Van Oosten (1929), Graham (1929) and Mohr (1927, 1930 
and 1934). 
Three general approaches are in vogue for determining the age 
of fish, viz. the Petersen's method, marked fish method and the bony 
structure method. 
The Petersen's method based on the length-fregency distribut-
ion of fish, assumes that each age class is distributed normally and 
that in a total length-frequency curve of distribution of all ages of 
fish contained in the population, the various year classes will appear 
as individual modes. In actual practice, the use of Petersen's method 
must be cautiously made. In general, the length—frequency of the young 
of the year, the 0 group of fish or probably the yearling fish, 1 + 
fish, when included in the length-frequency curve of the population as 
a whole, will show a distinctive mode. Beyond these age groups, however, 
there is an increase in the degree of spread of sizes of fish within 
the year class, and the extent of overlap of various age-frequencies is 
usually so large that the modes for different age—frequencies are hidden. 
Instances of an unusually successful year class which may be dominant in 
the population for several years are an exception. 
The marked method involves the use of fish of known ages in 
which either the fins have been clipped or tags have been inserted 
to identify them. The fish are measured at the time of being marked 
and released in their natural environment. They are re-measured during 
periodic intervals of recapture to determine the ages as well as the 
growth rate by plotting their length-frequency distribution. In actual 
practice, there is one major disadvantage to the method of fin clipping 
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which is only practicable where fish, when caught, are individually 
handled, the clipped fins may otherwise be overlooked. Use of tags 
for marking fish has its limitations in that whether the tags will 
remain on the fish froa juvenile stage throughout its life. Through 
this technique, however, it is possible to calculate the growth of the 
same fish each time on recoveiyt moreover, it serves as a check on the 
third method of age and growth determination in fish, through use of 
scales or of some bony structure of the fish. 
The most common and versatile method of determining piscato-
rial age and growth is by the use of some bony structure or of the scales. 
The scales have been proved to be the most useful structure in studies on 
age and growth and the bony structures have been employed only in cases 
where the scales are either difficult to read or lacking and also as a 
check on age estimates through scales particularly in the case of older 
fish. The most serious drawback in the use of bony method is the loss 
of fish for further experimentation since it has to be killed and dissec-
ted and the preparation of bones for the study is rather difficult in 
contrast to the ease with which scales are readily prepared for the same 
purpose. In either case, it is necessary to set up criteria to determine 
relationship of the growth marks to age. 
Cycloid and ctenoid are the principal types of scales in most 
fish with a common structure called ' focus •, which is close to the 
centre of the scale in the former but may be more posterior in the 
latter, representing the first scale platelet formed. Radiating from 
the focus to the margin of the scales are lines termed ' radii • and 
concentric striations surrounding the focus are • circuli ' which are 
used in age determination of fish. 
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According to Van Qosten (1929), use of the scales is dependent 
on three conditions. First, the scale number must remain constant and the 
same scale must be present throughout the life of the fish. In most 
species of fish, growth is accompanied by an increase in the size of the 
scale, and the scale number is so constant that various scale counts are 
used taxonomically to distinguish between species and subspecies. Further, 
unless injured, the same fish scale is retained throughout the life of 
the animal. As evidence, it can be seen that the central portion of the 
scales of older fish are identical in structure with that of the younger 
fish. If through accident scales are lost, they are replaced by clearly 
recognizable regenerated scales in each of which the focus is lacking, 
being replaced by a large central area without circuli, somewhat irregu-
lar in shape, and often rough in appearance. The size of this central 
area depends on the age of the fish at the time of the scale was lost, 
being larger for fish which lost scales relatively late in life, 
A second condition upon which the scale method for age determi-
nation in fish is founded is that growth of the scale is proportional 
to growth of fish. In actuality, there is seldom complete proportionality 
of these two factors, but discrepancy only shows up in use of scales for 
back-calculating the size of a fish at each annulus. 
The third condition ds outlined by Van Oosten is that the year 
mark, or the annulus, as its name implies, should truely form each year 
and about the same time of the year. Actually, from aquarium and tagging 
experiments on fish, and fuom numerous studies of their age growth, 
there is no question of the validity of the annuli as true year marks, 
Neverthless, for each species of fish studied, it is necessary to estab-
lish objective criteria independently for determining the annuli in that 
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species. 
Most fishes show a high correlation between the growth of the 
body and that of the scale, and the relationship is usually linear. 
Although in some fish the relationship appears to be non-linear, it is 
usually regarded as sufficiently near linearity to be treated as such* 
The assumption of a linear relationship between body length and scale 
length permits a fairly simple back-calculation of the growth of the 
fish. Various types of correction factors are often arbitrarily employed 
to adjust for the fact that the scale does not form until the fish has 
reached a certain size. Adjustments may also be made for an apparent 
change in relationship between body growth and scale growth, Hile and 
Jones (1941) gave an example of the use of such arbitary correction 
factors. Although Buchanan-Wollaston (1936) has drawn attention to the 
more efficient method of linear regression for handling such problems, 
no one has apparently made use of his suggestion, 
Cirrhina mriqala, commonly called mrigal, is an indigenous 
major carp which is widely distributed in the inland waters of India, 
It forms a capture fishery of great value in the Ganga river system, 
apart from being one of the important species on which a valuable 
culture fishery of the country is based. 
An authentic method of age estimation of mrigal is useful in 
solving basic life-history problems of the species and is an essential 
prerequisite for understanding the population dynamics of the fish. The 
use of scales for estimation of age has met with varying degrees of 
success in India (Seshappa and Bhimachar 1954, Pillay 1958, Pillay and 
Rao 1962, Pantulu 1956, Jhingran 1957 and 1959, Natarajan and Jhingran 
1963), 
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Jhingran (1959) established the validity of scales as suitable 
age indicators in _C, mriqala from the river Ganga at Buxar (Bihar), This 
section presents the results of further studies on the age determination 
of rarigal by means of scales, establishing their utility as age indica-
tors in a population of the species of river Yamuna at Allahabad, The 
validity of scales of mrigal as age indicators of the fish is established 
by the correlation of lengths at different ages derived from scales and 
from length-frequency data analysis, further refined by dissecting 
polymodal length-frequency distributions adopted by Harding (1949) and 
Cassie (1954) and used by Pantulu (1961 and 1962), The growth equation 
has been derived and parameters workedout to fit the equation of yield/ 
recruit on the lines developed by Beverton and Holt (1957), 
The material for the present study was drawn from the commer-
cial catches landed at Sadiapur fish assembly centre, Allahabad, This 
assembly centre, situated on the bank of river Yamuna, is mainly fed 
by the catches of the same river. While collecting the scales of the 
fish and recording length measurements, particular care was taken to 
avoid specimens from other sources. These investigations were commenced 
in September 1962 and continued through December 1964, In this study 
while 16,439 specimens of mrigal representing all size-age-groups were 
measured for length-frequency studies, 850 scales from 278 specimens, 
ranging from 03 - 965 mm in total length, were used for aging by scales. 
The scales taken for this study were picked up from the region directly 
below the docsal fin and above the lateral line. They were first washed 
in tap-water for about an hour and then scrubbed between the thumb and 
fingers in water, taking care not to damage the delicate margins. They 
were dried on a neat blotting paper. The scales at this stage became quite 
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clean and translucent and were immediately mounted in between two glass 
slides with both the remote ends of the slides fastened with a stickinq 
tape. 
The examination of the scales then followed under a photogra-
phic enlarger magnifying the scales to 6,3 times the actual size. The 
distance from scale focal points to different rings on the scale surface 
were measured and recorded by placing millimeter graph paper strips 
directly over the scale images under the enlarger after sharply focussing 
the same thereon* 
For determining the focflll point of the scale, its image was 
first projected as stated above and the point of intersection of two 
straight lines, at right angles to each other, extending from the two 
shoulders of the scale to their diagonally posterior ends was ascertained, 
This is illustrated diagrammatically in Fig. 1. On all scales of regular 
shape this angle was always found to be 45°» While plotting the magnified 
dimensions of the scales, against the body lengths, they were reduced to 
the exact size by dividing the measured values with the magnification. 
The length-frequency analysis was done by seriating the data 
into 20 mm class intervals and the multimodal polygons were dissected 
using arithmetical probablity paper by the method described by Harding 
(1949) and Cassie (1954), Lengths attained by the fish at the time of 
formation of the various annuli were back-calculated for each specimen 
individually using the formulas 
Y = bi X + c 
( Where Y is the scale radius and X is the length of the fish, bi and 
c being the constants). 
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The logarithmic transformation was also attempted but as the 
above stated direct algebraic formula gave better results (vide Table 
I and II) it was adopted. 
AGE AND GROWTH 
Age determination from scales : Elucidation of growth history of a 
fish from the measurments of a skeletal part depends upon the existence 
of a high correlation between growth of the part concerned and the 
growth of the entire body. The coefficient of correlation between scale 
length and fish length was found to be + 0.99» 
The nature of growth rings on mriqal scales and the time of 
annulus formation : As found by Jhingran (1959), the present study 
also shows the presence of varying number of rings on scales of diff-
erent sizes, their number proportionally increasing in large fish and 
vice versa (Plates I, II and III), The distance between adjacent rings 
also progressively decreases as the fish size increases. The nature uz 
type of rings was, however, not described by Jhingran (1959), though 
their annual nature was established by him. Certain rings on the scales 
of mrigal from the Yamuna were found to be annuli, as is established 
later in this chapter, and they may be described as consisting of rela-
tively broad grooves or depressions lying between adjacent circuli 
running all round the scale (except at the posterior end) prece^ded by 
closely packed circuli and followed by relatively more widely spaced 
ones. The significance of closely packed circuli preceding and widely 
spaced ones following the annulus has been pointed out by Hobertson 
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(1933), According to him, there are concentric folds on the scale surface 
corresponding to the position of the rings, and owing to perspective the 
circuli appear to bend or kink when crossing these folds. This happens in 
such a way that they seem to become first relatively closely approximated 
and then relatively widely separated, giving by contrast the effect of a 
transparent zone, Molander (1946) has observed that transparent zones are 
preceded by concentric bands or closely approximated circuli. According 
to him, the transparent zones really represent the beginning of faster 
growth, whereas the zone of diminished growth is represented by the 
concentric band of closely packed circuli just inside the transparent 
zone, Annuli of similar nature have been observed by Page (1913), Savage 
(1919), Tchougounova (1940), Blackburn (1949), Natarajan and Jhingran 
(1963) and Jhingran (unpublished), 
Jhingran (1959) has mentioned about the presence in mrigal 
scales of accessory checks, which he found misleading in age estimation. 
The present study traces their probable cause of formation and clears up 
the confusion caused by the presence of such false rings. Two types of 
rings, termed here as false rings, were met within the present study, 
namely (1) those which were not continuous all round the scale (except 
at the posterior end) and (2) those which appeared like compactly deposi-
ted circuli. The false rings of the second type are encountered at various 
points in specimens upto 600 mm in total length. If these false rings, 
which were commonly encountered in specimens measuring upto 240 mm, are 
given the status of annuli, the average size of mrigal on completion of 
about a year's growth would be 156,3 mm only (Table I), For considerable 
time in these investigations, interpretation of these false rings baffled 
progress in the work until it was discovered that the specimens showing 
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TABLE I 
Size-frequency distribution of stunted specimens 
of mrigal upto three years of age aS 
revealed by scale study 
Class 
ranc 3^  
in tnm 
101 
121 
141 
161 
181 
201 
221 
241 
261 
281 
301 
321 
341 
361 
381 
401 
421 
441 
461 
481 
501 
521 
541 
561 
581 
~ 
-
mm 
«w 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
.. 
120 
140 
160 
180 
200 
220 
240 
260 
280 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 
500 
520 
540 
560 
580 
600 
Number of completed annuli 
I II III 
Total 
15 
22 
21 
20 
21 
5 
1 
105 
2 
10 
25 
16 
19 
5 
77 
13 
12 
11 
44 
Av, lengths (MM) 1S6.3 367,2 559.6 
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such false rings were encountered only during the spring and early 
summer months, in relatively smaller numbers, and that they were actua-
lly collected from isolated river pools, which were generally intensi-
vely fished during the above period. There is little doubt that the 
isolated pools, on sandy river-bed, are deficient in fish food and that 
the specimens in question were actually the stunted progeny of the previ-
ous year's brood. These specimens, in contrast with those dwelling in 
the main stream, are really insignificant numerically. In support of 
this contention it may be stated that it is a well known fact in the 
knowledgeable fishery circles in India that the fingerling collections, 
made in autumn months practically throughout the country, overwhel;2'"in9-^y 
represent the fish of the year, the breeding season being May — August, 
Further, the stunted specimens referred to above are probably the late 
brood of the year-class concerned. The formation of isolated pools on 
the river-bed and their getting fished in spring and early summer is an 
annually recurring feature of the riverine fishery. The fish contained 
therein may belong to different year-classes and this explains the 
occurrence of false rings showing thfe sizes of one -, two - anz three -
year - old specimens to average at 156,3, 367,2 and 559,6 mm as shown in 
Table I, The subsequent occurrence of these specimens, stunted in growth 
during the first year of life was, however, not traceable beyond the 
third-year class, due to their progressive decrease in number to the 
extent of becoming negligible. By the removal of these specimens from 
the main body of the data on growth, the rest of the growth picture is 
easily elucidated and is presented in the following section of this 
chapter. 
For ascertaining the time when the rings are laid down on the 
scales of mrigal, the scales showing rings at the margin or very close 
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to it were studied and their percentage of frequency calculated during 
different months. It was observed that maximum number of scales with 
marginal rings were found in the early summer months (March to April) 
{Fig. 2) indicating thereby that the rings are mainly laid down during 
this period, Jhingran (1959) found starvation as the main causative 
factor for the appearance of annuli on the scales of mrigal from river 
Ganga at Buxar, and mentioned March to June as the period of ring 
formation. If these were true, then the sizeable percentage of mrigal 
scales with marginal rings in the month of July (Fig. 2) may well be 
explained by the fact that during this month the plankton population 
in the river declines considerably (Chakrabarty _Bt _£l, 1959; Pahwa and 
Mehrotra 1966), thus causing a retardation in growth of the fish for 
want of required nutrition in the environment. 
Relationship between scale radius and fish lengths : Scale 
measurements of fish are often used to calculate the growth over periods 
of time previous to the time of capture. Most fishes show a high corre-
lation between the growth of the body and the growth of the scales, and 
the relationship is usually linear. In some fishes, though the relation-
ship appears to be non-linear, it is usually regarded as sufficiently 
nearer to linearity to be treated as such. Such an assumption of a 
linear relationship between body length and scale length makes it fairly 
simple to back-calculate the growth of the fish, Thompson (1923) found 
for North Sea haddock a proportional relation which yielded a straight-
line fit. Those who have noted the existence of a curvilinear relation-
ship, often found that the scale growth decreased as the fish became 
larger. Wise (1957), while studying the growth rate of Browns Bank had-
dock, found a straight-line relation from smallest scale length upto 
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about 3.5 mm scale length or about 510 mm fish length and there was 
strong evidence that the scale growth increased with increasing fish 
size after a certain critical size was reached. Jhingran (1959) did not 
find a rectilinear relationship between scale radii and body lengths in 
mrigal from Ganga at Buxar, but observed that two or more straight lines 
or a curve fitted to the points would better describe scale - body relat-
ionship. Natarajan and Jhingran (1963) observed in catla that the fish 
lengths are not in direct proportion, but their increments are. 
Fig, 3 presents the scatter diagram on an arithmetic plot of 
observations on the total lengths of mrigal from Yamuna at Allahabad 
ranging from 83 mm to 965 mm plotted against corresponding scale radii 
ranging between 1.7 and 24.0 mm. The relationship between the fish 
lengths and scale radii in this case can be best explained by fitting a 
straight line to the points. The relationship could be expressed by the 
regression formula J 
Y = 0,02108 X + 0.0387 
where Y is the scale radius and X is the total length of the fish. The 
correlation coefficient (r) for this regression is calculated to be 
+ 0,99. Thus a direct proportion has been accepted from the practical 
fisheries point of view which is justified by the occurrence of a high 
coefficient of correlation { + 0.99) between the scale radii and fish 
lengths found in Yamuna mrigal at Allahabad. In a similar study on Ganga 
mrigal from Buxar, Jhingran (1959) found the value of " r " to be + 0,96 
whereas in the case of catla the value of " r " was found to be + 0.99 
by Natarajan and Jhingran (1963). 
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FIO. 4. The growth curve in length of mrigol in the first eight yoara of its life 
showing also the rato of growth and the percentage of tho total of eight years' 
growth during each individual yaer. 
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TAPlr^ U 
S i z e - f r e q u e n c y d i s t r i b u t i o n of mrigal of various ages 
as revea led by s c a l e study 
Class 
range 
in mm 
201-220 
221-240 
241-260 
261-280 
281-300 
301-320 
321-340 
341-400 
401-420 
421-440 
441-460 
461-480 
481-500 
501-520 
521-540 
541-£00 
601-620 
621-640 
641-660 
661-680 
681-700 
701-720 
721-740 
741-760 
761-780 
781-300 
801-320 
821-840 
841-860 
861-380 
881-900 
901-920 
921-940 
941-960 
961-980 
Total 
Average 
l e n g t h s 
in mm 
I 
11 
17 
18 
11 
29 
17 
4 
-
•• 
- •> 
-
-
-
-
«• 
-
-
-
•m 
-
-
-
-
-
-
-
«» 
-
-
-
-
-
-
-
-
107 
268 ,0 
Numb 
II 
M 
•• 
-
-
-
-
« 
-
s 13 
17 
13 
14 
2 
1 
-
-
-
-
-
-
-
-
«• 
-
•• 
-
• • 
^ 
«• 
-
mm 
-
-
-
65 
4 5 8 . 4 
er of 
I I I 
• 
« • 
«• 
-
-
«• 
-
• 
• • 
-
-
-
-
-
-
mt 
A 
4 
11 
2 
1 
-
-
-
-
-
tm 
« • 
-
-
-
-
-
-
-
22 
644 .2 
compli 
IV 
. 
-
«• 
-
-
<• 
-
-
- -
-
• • 
-
-
•• 
-
-
a» 
m 
-
-
3 
2 
7 
9 
4 
«• 
-
. . 
-
-
-
-
mm 
-
-
21 
736 .1 
eted 
V 
«• 
-
«• 
-
-
-
• • 
«» 
-
-
-
tm 
mm 
«» 
«* 
•• 
-
-
¥ 
mm 
-
-
-
«* 
2 
3 
2 
2 
3 
1 
-
mm 
-
-
-
13 
816.7 
annul ! 
VI 
. 
« 
-
f 
mm 
-
-
mm 
-
-
-
•» 
-
••. 
-
mm 
-
«• 
«. 
-
-
-
i » 
-
-
-
m 
1 
3 
2 
3 
-
-
-
-
9 
867 .1 
VII 
. 
mm 
-
-
-
« • 
-
-
-
-
-
-
-
•• 
«• 
-
-
-
tm 
~ 
-
-
-
-
-
-
-
-
-
«« 
-
3 
2 
2 
mm 
7 
924.Q 
VIII 
. 
-
-
•» 
-
-
-
-
-
«• 
-
-
-
-
-
«• 
-
-
-
«• 
mm 
«• 
« 
mt 
-
-
-
-
. 
-
-
-
1 
mm 
4 
5 
- • 
958.6 
t &6 t 
When the establishment of proportional relationship between 
the scale radii and fish lengths has been accomplished and the annual 
nature of the rings found to be definite in the case of true rings, each 
of these ' checks • was taken to indicate a year's growth. The intermedi-
ate lengths were back-calculated, in all cases, by the application of the 
formula mentioned above and the mean values were taken to represent the 
lengths at different ages as shown in Table II and in column 2 of Table 
III, Other characters stated in the Table III are described later in 
this chapter. 
TABLE III 
Comparison of mean lengths of mrigal in mm at various 
ages as estimated by different methods 
Age in Length-at—age Length-at-age Length-at-age von 
years (scale method) (Petersen's (Probability Bertalanffy's 
(mm) method) method) fit 
(mm) (mm) (mm) 
276.4 
473.9 
622.8 
732,4 
815.Q 
876.8 
923,0 
957.5 
I 
II 
I I I 
IV 
V 
VI 
VII 
VIII 
IX 
268.0 
458.4 
644.2 
736.x 
616.7 
867.1 
924.0 
958.6 
« 
260.0 
470.0 
600.0 
740,0 
840.0 
890.0 
920.Q 
940,0 
960,0 
240.0 
471.0 
620.0 
775.0 
842,0 
898.0 
-
948,0 
. 
The mean lengths as back-calculated at ages from I to VIII 
years were estimated to be 263,0, 458,4, 736,1, 816,7, 924.0 and 958,6 mm 
respectively (Table I and II). 
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Empirical growth curve : On the basis of the results obtained 
by the scale radius and length-frequency methods (Table III), it is obser-
ved that the growth in inrigal is most rapid during the first four years of 
its life, first year having maximum growth, as also observed by Jhingran 
(1959) in mrigal from Ganga at Buxar, The gradual decrease in growth rate 
is observed during later years until a limiting value of total length 
(ultimate length) is approached. The increments in length and the rate of 
increment in length per year, calculated individually for each of the 
eight years of life, are given in Table IV (Fig, 4)« 
Annual growth increments and growth rate per year 
of mrigal in length 
Duration Growth increment Growth per month Percent of total 
between in mm in mm growth (relati-
checks ve growth) 
O-I 
I-II 
II-III 
III-IV 
IV-V 
V-VI 
VI-VII 
VII-VIII 
268 
198 
1B6 
92 
81 
50 
17 
35 
29,8 
15.8 
15,5 
7.7 
6.8 
4,2 
4,8 
2.9 
27.95 
19.82 
19.40 
9.60 
8,45 
5,22 
5.95 
3.65 
Fitting of von Bertalanffy growth equation t The use of mathe-
matical expressions in fitting growth curves is particularly advantageous 
in interpolation and extrapolation, in addition to their utility in 
I SB t 
production computations (Pantulu 1962). von Bertalanffy's growth equation 
(1938, 1949 and 1957)» based on the concept of growth as the net result 
of interaction of the process of anabolisra and catabolism, gives a curve 
of growth in length which fits well the growth rates of many species of 
fish (Beverton 1954, Beverton and Holt 1957)» The equation thus obtained 
gives a linear relation between length at tine t and at time t + x 
and is written as follows t 
It = IOC (1 - e -'«<*-^h 
where 1+ = length at age t; 1 = asymptotic length; e = base of the 
Naperian logarithm; k = coefficient of catabolism; t = age of fish; 
t^  = arbitrary origin of the growth curve* 
To fit this growth equation to the length at age data it is 
written in the following form t 
1^ + 1 = 1 otf ( 1 - e"** ) + It e"** 
when It "^  1 is plotted against It a graph well represented by a straight 
line is obtained* A straight line is drawn which passes through most of 
the points, from the resultant slope, k ( = e" ), has been estimated, 
whereas the point of intersection of this straight line with the bisector 
drawn through the origin (Fig, 5) gave the value of loc(Walford, 1946)* 
The estimated value of these parameters is as under t 
1 OS = 1060 ; k = -0.290649 
tg was estimated by plotting log (lOC- It) against age (Fig, 6), The 
value of t, where it has an ordinate of 1, gave the estimate of t 
o 
(Beverton 1954). Thus t «as calculated to be 
o 
t„ = 0,03964 
Q 
t 09 t 29 
000 
LENGTH IN MM AT TIME t 
Fio. 6. Ford-VValford plot of growth of mrigal; sizes at age t plotted against 
sizes at age < + l showing the ultimnfe length attained by the fish. 
F I O . 6. log, {Ix—U) plotted against age to determine tg. 
J 
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Substituting the values of 1 oc , k and t^ in the above equation the 
von Bertalanffy growth equation for mrigal can be expressed as 
1^ = 1060 (1 .30.29065(t-0.03964), 
The theoretical lengths at different ages as calculated by 
this growth equation (Table V) shows a high degree of agreement with 
by 
lengths at ages calculated both the scale radius and length-frequency 
studies (Table III, Fig, ?)• 
TABLE V 
Lengths (mm) at different ages as calculated 
by von Bertalanffy growth equation 
Age in 
years 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
ength 
276.4 
473.9 
622,8 
732.4 
815.0 
876,8 
923,0 
957.5 
Increment in 
length 
276.4 
197.5 
148.9 
109,6 
82.6 
61.8 
46.2 
34.5 
Comparison of calculated and empirical scale radii i Comparison 
between calculated values of scale radii of mrigal with their observed 
values show a very high degree of agreement (Table VI), The value of the 
scale radii is represented by T in this manuscript. The percentage 
t 91 t 3f-
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Fio. 7. A comparative depiction of lengths at ages of nuigal aa computed 
by different methods. The solid line represents the length incrementfi. 
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TABLEVI 
Difference between the empirical and calculated radii 
of scales of mrigal 
Scale No, Fish length Scale radius Calculated Percent 
difference 
between 
Y and Y 
5 101 1,9886 2.1679 9.02 
15 116 2.5455 2.4841 2.41 
25 124 2.8636 2.6527 7.36 
35 133 2.3864 2.8425 19.11 
45 151 3.1023 3.2219 3.86 
55 184 3.5796 3.9176 9.44 
65 245 4.9318 5.2035 5.51 
75 262 5.48Q6 5.5619 1.34 
85 305 6,6818 6,4684 3,19 
95 344 7.000G 7.2906 4,15 
105 395 9,3068 8,3657 10,11 
115 427 8.5909 9.0403 5.23 
125 460 10.5796 9.7360 7.97 
135 529 10.6591 11.1905 4,99 
145 564 11.7727 11.9284 1.32 
155 626 14.0000 13.2354 5.46 
165 765 13.8409 16.1657 16.80 
175 848 16.5455 17.9154 8,26 
135 938 20,0455 19.8127 1.16 
b^ » 0,021081 ; c = 0,0387 
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difference between the actual and calculated Y amounted to a minimum 
of 1,16 percent and a maximum of 19.11 percent, Scale radii from 80 
fishes (42,11 per cent) showed a difference upto five per cent, another 
BO fishes (42,11 per cent) had a difference of 5-10 per cent, scale 
radii from 10 fishes (5,26 per cent) had a difference of lD-15 per cent 
and those of the remaining 19 fishes (10,23 per cent) differed from over 
15.20 per cent. Thus out of 189 fishes whose scales were examined, 
160 fishes (84,22 per cent) showed a very negligible difference of 5 - 10 
per cent between their observed and calculated values of scale radii 
and only 29 fishes (15,79 per cent) revealed a difference of over 10 - 20 
per cent, thus showing a very good amount of agreement between the two 
values of scale radii of mrigal. 
Agreement with Petersen's method : Petersen's method is based 
on length-frequency distributians of fish. It assumes that each age class 
is distributed normally and that in a total length-frequency curve of 
distribution of all ages of fish contained in the population, the various 
year classes will appear as individual modes. In practice, Petersen's 
method must be used cautiously (Perlmutter 1954), He further mentions 
that, in actual practice, most of the length-frequency curves of an age-
group that hs examined are not normal in distribution, but have slight 
tendency towards negative skewness. This method has been inadequate in 
animals with prolonged or discontinuous breeding because of the resulta-
nt overlapping or multiplicity of modes, Mrigal, as in other major carps, 
has a specific breeding season conditioned by the 5outh-West monsoon. 
The validity of the use of hard parts for age determination can be ascer-
tained by the agreement with Petersen's method. In mrigal, as in other 
fishes with a single spawning season, the individual lengths of each 
: 94 : 
age-group are approximately normally distributed and the modes of 
successive age-groups in the length-frequency distributions in the 
samples are separated along the length axis. 
An over all picture of growth of mrigal has been obtained by 
the study of its scales. The analysis of the length-frequency data for 
the years 1962, 1963 and 1964, comprising of the measurements of 16,439 
specimens, corroborates the results of growth of this species delineated 
by scales. Figs, B and 9 show the histograms of the length-frequency 
distribution for different months and quarters, during the period January 
1962 to December 1964, which enabled the tracing of modes and elucidation 
of growth picture. 
Analysis of data for the year 1962 : 7,833 specimens were 
examined for the length-frequency studies from January to December, The 
mode at 100 mm in October, 120 mm in November and 240 mm in April 
represents the fish of the year (zero group). The peaks at 260 mm in 
June - July, approximately 300 mm in September - November, 380 mm in 
December and 420 mm in March and May are interpreted to be representing 
the first-year group and at 480 mm in June, 500 mm in July, 540 mm in 
September, 560 ram in October - November as representing the second-year 
group. The modes at 620 mm in June, about 640 mm in July, 660 mm in 
August - October, 680 mm in December, 700 mm and 720 mm in March and 
April respectively represent the third-year group and at 800 mm in 
February - March, 780 mm in October and 760 mm in June are caused by the 
fourth-year group. 
Probably due to the indiscriminate exploitation of younger 
age-groups many fishes are not allowed to attain bigger sizes, resulting 
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FiQ. 8. Histograms of the length-frequency difltribution of mrigal, pooled for 
coiTOBponding months of the years 1962 and 1964. 
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Kio. il. Histograms of the length-frequency distribution of mrigal, pooled 
for the corroaponiling quarters of the year 1963. 
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in a very scanty representation of those higher age-groups in the 
commercial landings. This leads to error in sampling, hence the progre-
ssion of modes in older age-class became extremely poor. 
Analysis of data for the year 1963 : 4,306 specimens formed 
the basis of length studies during 1963, In quarterly pooled data the 
prominent modes at 140 mm in October - December and 180 mm in April -
June represents the zero group. The first-year group appears in July -
September in 300 mm and 360 mm, at 320 and 3BQ mm in October - December, 
at 300 and 360 mm in January - March and at 320, 380 and 440 mm in April -
June, The peaks at 480 mm in July - August, 480, 520 and 560 mm in Octo-
ber - March, 500 and 560 mm in April - June are caused by the second-year 
group. The modes in 640 mm class in January - June are caused by group 
thfree. The peaks in 720 and 780 mm class in July - August, 780 ram class 
in January - March and 760 mm in April - June represent group four. 
Representation of still higher groups became scanty and groups five, six 
and eight are represented by peaks in 880, 920 and 960 mm class during 
January - March whereas during April - June only group six is shown by 
the mode at 96D mm. 
Analysis of data for the year 1964 : 4,300 specimens were 
measured during the year and the monthly progression of modes was studied 
for all the 12 months. Fish of the year consistently show up in a series 
of peaks at the extreme left of the histograms for August, September, 
October and Decamber, Fish of the first-year group appear in modes of 
histograms in January - February, April and June - December, whereas 
group II peaks are found all the year round. Fish in group III are promi-
nent in modes during February - July and October - December, Group IV is 
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represented by modes of histograms during February - June, September and 
November - December, Group V is traceable in January - Kay and then again 
during December, whereas the sixth group can be located only during 
February and June, The fifth- and sixth-year classes are detectable by 
modes of a lower magnitude and were not encountered so frequently. Beyond 
this the continuity of the data is completely broken. 
Putting together the results obtained by length-frequency 
analysis of these 16,439 specimens during the three years, the growth 
picture of mrigal emerges clearly as shown in Table III, Table VII 
presents a pooled length-frequency distribution for the corresponding 
months of all the three years. 
The probability paper method (Harding 1949 and Cassie 1954) 
was also utilized for separating the various age groups from the 
polymodal-frequency distribution and the results obtained by this analy-
sis are expressed in Table III, It has been revealed beyond doubt that 
there is a high degree of agreement between the age and growth calculati-
ons from the scales by the apalication of von Bertalanffy growth equation 
and with the help of length-frequency studies. 
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TASU YII 
Pooled l e n g t h - f r e q u e n c y o f m r i g a l ( i n pe rcen tages ) f o r t h e years 1962» 1963 and 1964* ( N «» 16439 ) . 
C lass 
range (jam). Jan« F e b . Mar« A p r i l May June J u l y Aug^ Sept4 Oct# Nov*^ Bee* 
71«*90 
• Jl-llQ 
111-130 
131-150 
151-170 
171-190 
191-210 
211-23G 
231-250 
251-270 
271-290 
291-310 
311-330 
331-350 
351-370 
371-390 
391-410 
411-430 
431-450 
451-470 
471-490 
491-510 
511-530 
531-550 
551-570 
571-590 
591-610 
611-630 
631-650 
651-670 
671-690 
691-710 
711-730 
731-750 
751.-770 
771-790 
791-910 
811-830 
831-850 
851-870 
871-890 
891-910 
911-930 
931-950 
951-970 
971-990 
9 91-1010 
1011-1030 
Number 
sampled 
«M 
mm 
-
0.16 
0.16 
«k 
0.31 
0.23 
0.31 
0.39 
1.17 
2.49 
2.80 
3.35 
4.13 
2.88 
2.18 
2.41 
3.27 
4.13 
7.01 
8.10 
10.28 
10.67 
11,84 
6.85 
5.14 
2.65 
2.02 
1.09 
0.78 
0,55 
0.23 
0.62 
0,23 
0.16 
0.31 
0,23 
0.23 
0.08 
0.08 
-
0.16 
0.31 
mm 
-
-
-
1284 
-
-
-
0.26 
-
.mm 
-
0.32 
0.32 
0.85 
0.43 
1.28 
3.31 
2,99 
3.42 
1.71 
2.35 
1.39 
1.07 
2.88 
5.45 
6,09 
9.19 
10.26 
10.58 
8.76 
6.09 
4.38 
2.78 
1.39 
0.75 
0.32 
0.53 
0.32 
0.64 
0.32 
0.53 
0,43 
0.53 
1.28 
2.03 
0.96 
1.60 
0.85 
0.96 
0.32 
0,32 
-
936 
m 
m» 
-
0,16 
0.16 
0.16 
•» 
0.63 
0.78 
0,16 
0,63 
1.72 
1,1Q 
1,25 
1.56 
1,25 
1.88 
3.44 
3.44 
2.35 
6.73 
7.98 
8.92 
9.70 
8,61 
7.36 
5.63 
3.44 
1.56 
2.35 
1,25 
1.10 
0.47 
0.78 
2,03 
1,41 
1.41 
1.56 
1,25 
1.10 
1.41 
0.94 
0.47 
0.31 
0.94 
0.47 
0.16 
-
639 
^ 
Mi 
0.26 
0.26 
-
0.51 
1.79 
2.04 
4,98 
3,45 
0,64 
0,64 
0,89 
1.28 
1.28 
1.28 
2,30 
2,94 
3.32 
4,85 
4.21 
7,66 
8,81 
9.32 
8,68 
5.87 
3,70 
3.32 
3.70 
1.40 
0,77 
1.79 
1,53 
0,64 
0,51 
0,38 
0,64 
1.02 
1,28 
o;64 
0.38 
0.13 
«M 
0.26 
0,64 
-
-
-
783 
«• 
•• 
«• 
4M 
0.13 
-
«• 
0.38 
1,01 
0,89 
1,27 
3,67 
2,53 
2.66 
2,15 
2.15 
1.77 
4.43 
7,47 
4,81 
6.08 
4,68 
5,70 
9.40 
10.25 
5.82 
3.29 
3.16 
5.32 
1.52 
1.01 
0,63 
0,76 
0.89 
0,89 
1.01 
0.76 
0,76 
0,38 
0.25 
0.13 
0.38 
0.13 
0.25 
0.63 
0.13 
0.25 
0.13 
790 
#• 
« • 
0.24 
0,56 
1.11 
1.98 
1.11 
2.14 
3.57 
3.97 
3,33 
5,16 
5.56 
5.56 
3.81 
3.17 
3.17 
3,81 
3,97 
4.84 
8.97 
10.64 
7.06 
4.84 
2.78 
2.38 
1.43 
1.03 
0.71 
0.48 
0.40 
0.32 
*• 
0.24 
0.32 
0,08 
0,16 
0.16 
0.24 
-
0.32 
-
0.08 
0.08 
0.16 
0.08 
-
-
1260 
• 
-
-
o;o9 
0.05 
0.09 
1.18 
1.67 
5.83 
6.51 
5.24 
6.71 
6.37 
6.37 
5.70 
4.66 
4.20 
3.30 
3.84 
5.24 
6.74 
6.56 
3.62 
4.79 
3.16 
2.71 
1.58 
0.63 
0.90 
0.36 
0.45 
0.23 
0.27 
0.14 
«• 
0.18 
0.09 
0.05 
0.14 
0.18 
am 
-
0.05 
0.08 
0.05 
-
-
— 
2212 
-
-m 
0.06 
. 
« 
O.li 
0.06 
1.06 
1.28 
2.85 
3,96 
4,69 
3,80 
4,80 
5,97 
4,91 
6,20 
6.76 
7.15 
5.75 
5.53 
6.36 
5,86 
5.47 
4.63 
2.79 
2.29 
1.95 
1.00 
1.17 
0.73 
0.61 
0,28 
0.33 
0.11 
0.22 
0.18 
0.11 
0.11 
o;ii 
0.11 
0.06 
0.18 
0.21 
0.22 
0.06 
-
•• 
1791 
«« 
0,07 
0,78 
0,99 
0.14 
0,35 
0,64 
0,92 
1.70 
3.11 
3,11 
5,51 
•4,24 
4,31 
5.09 
4.45 
4.59 
4.45 
6.15 
5.37 
4.59 
5.58 
4,66 
5,30 
6,51 
2.61 
3.18 
1.98 
1.98 
1,34 
0.92 
0.85 
0.49 
0.71 
0.49 
0.78 
0.28 
0,42 
0,25 
0.28 
0.24 
0.28 
0.07 
0.21 
0.14 
1,14 
0.07 
-
1415 
0.56 
1,53 
3,34 
2,36 
1,34 
1.11 
0.74 
1.67 
2.74 
5,66 
7.42 
8,07 
5,29 
4.73 
3.80 
3.57 
3.99 
3.01 
4.08 
3.11 
3.20 
2.64 
3,89 
2,83 
3.71 
2.74 
2,64 
2.04 
1.58 
1.39 
1.34 
1.11 
0.46 
0.51 
0,28 
0,56 
0,23 
0,19 
-
-
0.23 
0.09 
0.05 
0.09 
0.09 
MB 
-
— 
2157 
' i. 
0.42 
3,57 
i;63 
0,54 
0,54 
1.57 
1.94 
2.30 
2.66 
4.72 
5.63 
4.48 
3.03 
2.97 
3,75 
3.45 
4.66 
4.78 
4.84 
5,15 
3.81 
3.93 
4.36 
5.33 
3.99 
3.09 
2.66 
1.63 
1.45 
1.15 
1.09 
0.54 
0,85 
0.61 
0.24 
0.30 
0.54 
0.36 
0.30 
0.42 
0.18 
0.12 
0.12 
0,24 
-
-
aw 
1652 
•• 
0,07 
0,59 
3,62 
1.64 
0,59 
0,20 
1,12 
0,59 
1,58 
1.45 
2,50 
2,30 
2,37 
3.62 
3.88 
3.88 
5.33 
5.53 
5.07 
6.84 
6.32 
7.11 
6.38 
6.25 
5.00 
4.28 
2.76 
1.45 
1.64 
0.72 
0.59 
0.72 
0,53 
0.46 
0,66 
0,33 
0,07 
0,39 
0,13 
0.59 
0.46 
0.13 
0,13 
-
- 0.07 
0.07 
-
1520 
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CHAPTER y 
LENGTH-WEIGHT RELATION OF CIRRHINA MRIGALA (HAMILTON) 
FROM COMMERCIAL CATCHES AT ALLAHABAD. 
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INTRODUCTION 
Length-'-Afeight relationship studies have considerable use in 
fishery work, as information on this aspect of fish is needed in studies 
on condition, growth and sexual maturity and in investigation of the 
exploited species to obtain weight yields by size and age groups from 
length- and age-frequency samples of the catches. Ideally, such data 
should be available for all the common species, and it is considered 
that the information presented here will have some immediate applicati-
ons since it is for the first time that such a huge data has been 
employed to describe the length-weight relationship in mrigal, Cirrhina 
mriaala (Hamilton)* 
Jhingran (1952) described the length-weight relationship of 
mrigal based on specimens received from various sources, viz» rivers, 
canals, tanks and ponds, Jhingran (1959) and Chakrabcrty and Singh 
(1963) have reported similar observations on mrigal from riverine 
environments, whereas Pantulu _et ^ , (1966) described the length-v.-eight 
relationship in mrigal from some reservoirs, Pantulu £i ^ » (1966) 
stated that generally, the differences in length-weight relationships, 
if significant, are attributed to racial differences within a given 
species, but in the absence of other biometerical studies it is diffi-
cult to express any opinion as to whether these differences do reflect 
any differences in racial characters or they are the result of some 
varying environmental factors vital for the well being of the fish. It 
seems reasonable to assume that the heavier fish of a given length are 
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in better general health. 
The main object of this com-nunica tion has been to deri\/e an 
appropriate mathematical formula, correlating the two variables length 
and weight in a very general manner for calculating one from the other 
from commercial point of view. The mathematical formula, presented here, 
is based on the vast data (5798 specimens) covering an extensive size-
range (155 mm to 1020 mm) from the riverine commercial catches spread 
over all the months of a year from the same fish assembly centre ana, 
therefore, is likely to be most useful from practical view point. 
MATERIAL AND METHODS 
The length and weight measurements of 5798 specimens of 
mrigal, recorded during the year 1962 as part of the investigations on 
the commercial fish landings of the river Ganga and Yamuna at Sadiapur 
fish assembly centre, Allahabad, were analysed to derive the length-
weight equation for this species. Sufficient number of specimens could 
be obtained during each month of the year, as shovi/n in Table VIII, Care 
was taken to see that no selection as to size or sex was made while 
recording the lengths and weights. However, the larqer fish were, at 
times, sampled out of proportion to their relative frequency in catches, 
in order to improve their representation in the samples. 
According to Mraz (1964), a length-weight equation to be most 
useful should include fish of bnth sexes, sampled at various times of 
the year and over a period of years. Bias from annual and seasonal 
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TABLE Mill 
Month—wise number of specimens of mrigal recorded 
during the year 1962 
Month Number Month Niimber Month Numbej 
J anuary 
February 
March 
April 
354 
580 
269 
407 
May 
June 
July 
August 
333 
768 
651 
961 
September 
October 
November 
December 
488 
561 
321 
150 
variations, sex differences, and maturity and state of sex organs is 
minimised by this procedure. Similarly according to Dryer and Beil 
(1964), in the case of lake Herring, the length-weight relation does 
vary according to port and year of capture, between ripe and fully 
spent females, but the best estimate of the general relation is one 
based on all available fish, Natarajan and Jhingran (1963), while 
analysing the length-weight data for Catla catla. have indicated the 
statistical justification in pooling the entire data on length-weight 
measurements into a single equation. 
The length-weight data for mrigal, employed in the present 
calculations, meets the above stated requirements fairly well. Total 
length was recorded to the nearest millimeter, while the weight was 
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recorded in grams. 
OBSERVATIONS 
The corresponding values of lengths and weights recorded for 
mrigal, when plotted (Fig, 1), suggest that their relationship is of the 
form 
where W = Weight, L =» Length, 'c* is a constant determined by the data 
and 'b* an exponent approximately = 3, also determined from the data. 
This formula describes the length-weight relation of a sample of fish. 
The least square regression of the logarithmic transformation 
Y = a + b X 
in which Y = log Weight, a = log c, and X = log Length has been used 
for estimating the values of 'c' and 'b'. 
The general length-weight equation for mrigal irrespective of 
size and age above 155 mm was found to be 
> t , rt ^ m A /-i"*b , ^ , y 7 *3 0 i^  
W = 1,009 X 10 X L 
or logarithmically 
Log W = - 4,99627 + 2,99552 log L 
The coefficient of correlation between log length and log 
weight is 0,944, 
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FIG» 1« Length-weight relationship of Cirrhina 
wriaala ( a* dots represent empirical 
weightsi b* logarithmic relation)*' 
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GENERAL REMARKS 
The reliability of the equation derived in this communication 
would be seen to be high from the coefficient of correlation valus. The 
value of the regression coefficient 'b' in the present equation 
indicates least deviation from the cube law as compared to the observa-
tions made by the earlier workers. 
The value of 'b' as calculated by Jhingran (1959) and 
Chakraborty and Singh (1963) was above 3, whereas Pantulu _et _al, (1966) 
found it to be mostly less than 3 with only one exception when it was 
above 3» As is evident, in the present case the value of 'b' has 
been found to be under 3, According to MacGregor (1966), theoretically, 
if ' n * ( 'b' in the present case ) is less than 3, condition 
factor should decrease with the increase in length. He further states 
that the value of 'n' can be influenced by the sampling irregularities, 
such as including in the samples fish from different environments or 
from different years or months when the length ranges of the fish are 
not comparable in the different sample components and the inclusion of 
both immature and adult fish in the same sample. While working out the 
length-weight relationship for mrigal in the present case, the data of 
a few fish below 155 mm in length was omitted so as to reach at a more 
useful equation from practical and commercial point of view. 
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CHAPTER VI 
INDUCED BREEDING OF GAMGETIC CARPS, LABEO ROHITA 
(HAMILTON) AND CIRRHINA MRIGALA (HAMILTON). 
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INTRODUCTION 
Total consumption of fish in India far exceeds their production. 
The demand is largely met by capture fishery of various kinds, which in 
itself is not an inexhaustible source, Morever, inland fisheries of wild 
stocka has been declining over the years due to changes in ecological 
conditions; particularly those brought about by diversion of river water, 
drainage of river swamps and over-flow areas, erection of barriers ta 
fish migration, and as a result of pollution of aquatic environment. 
Culture of fishes in the inland waters, or ability to carefully 
husband small bodies of water, with control over breeding, feeding and 
harvesting of domestic stocks; is the only alternative for increasing 
fish production. Supply of good quality fish seed is, however, the essen-
tial pre-requisite for successful large-scale fish cultivation. So far 
its non—availability has checked expansion of culture practices to 
desired levels. 
The cultivable carps, rohu (Labeo rohita). mrigal (Cirrhina 
mriqala) and catla (Catla catla), called major carps, occur naturally in 
the Gangs river system. They do not, however, breed in captivity; and 
hence, their spawn is annually colleeted from rivers after breeding during 
the monsoon months, when the rivers are in flood (Shetty .ejt .ajL,, 1967 a, b; 
1971 a, b; Khan and Kamal, 1972; Kamal, 1978), The seed collected is a 
mixture of both desirable and undesirable species. However, the collection 
is not adequate to meet the demands. Supply of river seed forms a major 
indigenous industry in both Bengal and Bihar, 
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It is obvious that riverine collections, being the natural 
source and main-stay of total spawn collection in the country, should 
be judiciously exploited. Therefore, alternative methods of seed produ-
ction have to be intensified. Induced breeding of carps in ordinary ponds, 
is one such method, which has given great practical results. Large-scale 
spa(^ ning of carps in special-type ponds, or bundhs, has also been observed 
(Mora et al,, 1945; Dubey and Tuli, 1961); but that is not sufficient 
for producing seed in equivalent amounts. 
The technique of induced spawning is originally based on the 
work of Aschheim &. Zondek, who noticed that pituitary implants greatly 
accelerate the sexual development of mice (Allen, 1939), An Argentine, 
Houssay (1930) applied this method on fishes; but the Brazilians first 
developed the modern method of hypophysation in fishes (Cardoso, 1934; 
Pereira and Cardoso, 1934; von Ihering and de Azevedo, 1934; von Ihering, 
1935; von Ihering and Wright, 1935, 1937). The carps are induced to breed 
by injections of pituitary gland, or hypophysis; which secrete the 
gonadotrophic hormones. These hormones control the growth and maturation 
of eggs, and ovulation, 
Success in induced breeding of Gangetic carps was, however, 
obtained only gradually. An early attempt to breed a major carp, _C, 
mriqala, was unsuccesful (Khan, 1938 b). Much time then «lasped before 
Chaudhari (1955) actually bred Esomus danricus. by intraperitoneal 
injections of catla pituitary gland. Spawning in cat-fishes following 
similar treatment, was demonstrated soon after (Ramaswamy &. Sunderraj, 
1956, 1957), Major carps were then also induced bred in ponds by injec-
ting pituitary-gland extracts (Chaudhari & Alikunhi, 1957; Chaudhari, 1960; 
Alikunhi e^ al, I960), Hopefuly, an alternative supply of dependable fish 
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seed was thus ensured. 
The technique of induced breeding of major carps has since 
been standardised (Chaudhuri, 1969; Jhingran, 1969); and also populari-
sed through extension work. Thus, not only field workers, but even fish 
farmers are now able to produce enough seed on their own, 
Sonie important aspects of this work have, however, not been 
investigated, Such questions as relation of actual spawn obtained to 
fecundity of carps, and effect of temperature of water on breeding have 
to be examined in detail. Observations made in this regard, during the 
period 1975-77 at Ranchi (elevation : 2000 -f^, are described here. 
MATERIAL AND METHODS 
Breeders : Breeders were adult composite culture stock (Body-weight 
more than 400 g), from, a tank at Ranchi, Males which expelled some milt 
on slight pressing of abdomen, and females with soft, round and bulging 
abdomen, were chosen as breeders. They were stocked in ponds at the 
rate of 1000-2000 kg, wt,/ha; and fed on a mixture of rice bran and oil-
cake (1 : l) in concentrations of 1 9J of body-weight of fishes stocked. 
Feeding was suspended on the appearance of algal blooms in the water. 
Extraction and Storage of pituitary glands : The pituitary flands were 
collected from both fresh and ice-preserved (4-5 days) gravid fishes, 
A portion of their scalp was removed with a sharp knife to 
expose the brain. The brain mass was lifted by detaching the olfactory 
and optic nerves. The pituitary gland, situated ventrally and posterior 
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to the optic nerve, was lifted with a pair of forceps after removing the 
surrounding membrane. Care was taken to avoid damage to glands. 
The glands were also recovered by cutting the head from the 
posterior side, and removing the brain to expose the attached gland. This 
caused no damage to head of fish. 
The glands were immediately transferred to absolute alcohol 
and then preserved in separate phials. Properly preserved glands were 
subsequently weighed ( ^  0,001 g ) after drying on whatman No. 1 filter 
paper. The weights were recorded. 
Preparation of the pituitary extract : The required quantity of gland, 
calculated on the basis of wt. of breeders (9,0 to 12.5 mg/kg for females 
and 2,0 to 4.0 mg/kg body-wt. for males), was taken out on filter papers 
and after drying, macerated in distilled water ( 1-2 ml). The homogenate 
was diluted again with distilled water, but dilution was not allowed 
to exceed the ratio 40 rag gland/ml water; and then centrifuged (10000 rpm). 
After this, the supernatant was sucked out in a hypodermic syringe for 
inj ections. 
Adminstration of the gland extract : Breeders in sets of one female 
to two males, were moved to hapas (the breeding hapas) before the 
adminstration of the extract. The injection was given intramuscularly 
in the region of caudal peduncle, a little above the lateral line. The 
first injection was given only to females; while the second after six 
hours, was given to both sexes. 
Collection of eggs and spawn : The examination of hapas was continued 
to 10 hrs. after the second injection; when the breeders were also removed. 
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Each hapa was then untied and lifted up to drain out the water. The 
eggs were removed to buckets containing small amount of water; and then 
to double-walled hatching hapas. 
After 24-28 hrs, the inner net of the hatching hapas, made of 
mosquito netting cloth, was also removed. The hatchlings left in the 
outer hapa, made of markin cloth, were taken out on the third day, and 
transferred to nurseries. 
Counting of eggs and spawn : At the time of the removal of eggs from 
the breeding hapas, samples of 500—1000 ml of eggs were withdrawn from 
the hapas. The number of eggs in samples was counted, and multiplied 
by total volume of eggs measured in multiples of 1000 ml, to obtain the 
total number of eggs spawned. 
Samples of spawn were collected from the hatching hapas in 
50-100 ml metallic cups, with false bottom made of sieves to drain out 
the water. The number taken out in a 50 ml cup was counted by the naked 
eye. The number was multiplied by the total volume of spawn in the hapas, 
to calculate the total number of spawn. 
The number of unfertilised eggs was substracted from the total 
count of eggs, to estimate the number of eggs fertilised. It was 
calculated into percentages. The counts of spawn as percentage of total 
fertilised eggs, was taken to equal hatching; and the difference as 
mortality during development. 
Weather data : Weather data was borrowed from the local metereological 
observatories. 
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T a b l e I i D e t a i l s of induced b r e e d i n g of m r i g a l and rohu. 
Weigh t o f b reede rs 1 s t i n j e c t i o n I l n d i n j e c t i o n 
Date Spec ies ( k g ) 
Females Males Dose to Time Dose to Dose to Time 
Female Female Male 
(mg/kg) (mg/kg) (mg/kg) 
Number o f F e r t i - Number o f H a t c h i n g Water 
eggs o b t - l i z a t - spawn o b - % temp. R E M A R K S 
a i n e d , i o n t a i n e d ( °C) 
B 10 1 1 12 13 14 15 
14 .7*75 M r i g a l 1 .000 1,250 
1,800 1.000/0,800 
17,45 23,30 80,500 25,7 
2,88,750 85,7 2,25,000 97,5 
28,5 15,7,75 - Spawning between 5.0-6.00 
27,4 hrs, (W.T, 26,5 "C) 
Poor result of one female due to 
availabity of only one male. 
Hatching in 24 hrs, at W.T, 26.5-
27tO °t: 
17;7,T5 Mrigal 0.900 0.750/0.600 4,5 17.00 22,45 1,10,000 77,0 75,000 95,7 24,0 18,7.75 - Spawning at 4,30 hrs, W.T, 
23,5 21,6 "C, 
Hatching in 28 hrs, at W.T, 22.0 -
23.0 "C, 
6.7,76 Mrigal 1.700 1.750/1,500 3,0 
1.500 0.700/0,750 
0.500 0.500/0.600 
0,700 0,500/1.750 
16.45 00,15 3,52,000 70 
2 
6: 
,70, 
10, 
50, 
,82, 
17, 
77, 
,000 
,000 
,000 
,000 
,500 
,000 
95 
20 
20 
70 
-
95 
3,77, 
8. 
57, 
,000 
,750 
,750 
73 
71 
-
78 
28,5 7,7,76 - Spawning between 5,00-5.30 
26.0 hrs. W.T. 26.5 "C. 
Hatching in 24 hrs, at W.T, 26.5 -
-• 
8.7.76 Mrigal 1,400 l.OOO/l.OOO 
1.000 1.000/1.000 
0,800 0.750/0.750 
0,800 0,750/0.500 
18,30 8 24,00 
80,000 95 
30.5 Hapa damaged by crabs. 
24.6 No spawning 
9.7.76 - Spawning between 6.30-7.30 
hrs, 
60,000 78 Hatching in 26 hrs at W.T.24.2-27.8°C 
Rohu 0,600 0.500/2.000 18,30 8 24,00 6,250 90 4,000 71 Hapa damaged by crabs. 
29,7,76 Mrigal 1.250 0.700/0.500 
1,000 1,000/0,750 
0,300 0.300/1.250 
1.000 0.500/0.500 
0.750 0.300 
17,30 23,00 75,000 
15,000 
1,00,000 
85,000 
60,000 
60 
5 
93 
«* 
70 
25,000 55 
60,000 64 
25,000 59 
29 ,0 3 0 , 7 . 7 6 - Spawning a t 5 .00 h r s . 
26 ,5 W.T, 2 5 , 2 . 
H u l c l i i n ' i i n 25 h r s , a t W, 7,2^1,2 
2 9 , 0 ° C . 
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24.6.77 Mrigal 1.500 1.200/0.700 
0.700 0.800/0,600 
17 .00 8 
T a b l e I . C j^nt inued 
- S - ^ Q nr 1 1 
23,00 3 , 8 5 , 0 0 0 90 
1 , 5 4 , 0 0 0 90 
12 13 IT T T 
65,000 13 
25,000 17 
29.0 Hapas damaged by crabs, 
27.0 25.6,77 - Spawning between 4.0-5.0 hrs. 
Rohu 1.500 2.400/0.800 
0.600 1,400/1.200 
1,95,000 90 
1,01,400 90 
84,000 47 
44,000 48 
Hatching in 19 hrs.at W.T»26,0~29,2°C. 
25,6.77 Mrigal 1,750 1.800/0.500 
0.900 0.750 
0,700 0.600 
0,700 
1,000 1,000/0.500 
0,500 0.800 
0.400 0,800 
0,500 
17,30 8 23,30 3,63,000 BO 
2,91,500 80 
6.54.500^ 
2,03,000 85 
1,19,000 85 
3,22,000 
2,80,000 53 
2,08,000 75 
29,2 
27,0 26,7.77 - Spawning between 3,0-5,00hrs, 
Hatching in 20 hrs at W.T.26.J-29,Q°C 
1,7.77 Mrigal 2,000 1,000/0,750 
1,000 0,750/0,500 
17.45 23,45 3,63,000 70 
1.56.000 70 
5.19.000 
29.5 
27,5 
20,000 
2.7.77-Spawning at 10,00 hrs. 
Hatching in 17 hrs, at W.T.26.5~29,5''C. 
19,7.77 Mrigal 1,750 1,500/1,250 
1,000 1,250/0,700 
1,000 1,000/1.000 
17.00 23.00 3 
29 
1,26,500 50 
Rohu 1.000 
0.750 
1.000/1,000 
1,000/1,000 
1,87,500 
1,37,500 
3.25.000 
40 
55 
1,600 
20,000 13 
2.2 No spawning iGonads regressing 
,5 " « j 
20,7,77—Spawning at 6,00 hrs. 
Hatching in 16 hrs.at W.T.2B.0-32.5°C. 
Poor survival of spawn due to weak 
gonad condition and hot, dry 
weather conditions. 
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RESULTS 
The results are summarised in Table I and Table II; and 
described below under seperate sections. 
Weight of breeders : Body-weight of breeders differed considerably. 
Weight of female mrigal ranged from 0,5 to 1,75 kg, and of males from 
0.5 to 2,0 kg, (Table I), 
Female rohu weighed from 0,4 to 1,5 kg, and males from 0,5 to 
2.4 kg. (Table I). 
Effect of hormone dose admistered : Two split-doses of judiciously 
calculated gland extract, first to females and second to both sexes 
normally induced spawning within 3-5 hrs.(Jhingran, 1969). 
However, spawning time at dosages of 9-12,5 mg/kg to females 
and 2-4 mg/kg to males in all sets tried varied from 3 to 7,5 hrs 
(Table I), Thus, release of eggs in some sets was delayed for unknown 
reasons. 
Breeding success : Out of the 26 sets (1 female : two males) tried of 
mrigal, spawning was observed in 23 sets (Table I), Three females 
failed to breed for unknown reasons. 
Number of eggs ovulated : The total number of eggs ovulated by mrigal 
varied from 10, 000 to 3, 85, 000 (Table I). No relationship with size 
or weight of breeders was, however, evident. The number of eggs obtained 
in 8 sets of rohu, varied from 6, 250 to 2,03, 000 (Table I), 
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TABLE II 
The temperature data supplied by the Indian Metsorological 
Department, Ranch! Airport. 
DATE 
15.7.75 
16.7.75 
17.7.75 
18.7,75 
19.7.75 
20.7.75 
T E M P E R A T U R E 
Maximum 
2 6 , 1 
25 .2 
23 .5 
23.4 
27 .8 
29 .6 
Minimum 
21 
21 
21 
20 
20 
21, 
,5 
.8 
, 4 
. 8 
. 3 
,3 
Fertilisation : All eggs were never fertilised. While in two hapas 
of mrigal, it failed completely, variable numbers got fertilised in 
other hapas (Table I). Variation observed was very high, as 5 to 95 % 
of eggs were fertilised. 
Fertilisation occurred, however, in all hapas of rohu. Larger 
number of eggs than in mrigal, were also fertilised in most cases. 
However, success varied from 40 to 90 % (Table I)« 
Hatching : Owing to natural mortality always attending such operations, 
the number of spawn finally counted was lesser than the number of eggs 
released or fertilised (Table I ) . 
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It failed, however, in some hapas; though in come cases 
damage to hapas caused by crabs gave a wrong estimate (Table I). Failure 
of hatching, however, could not be accounted, 
Mortalitv of fry : Percentage mortality during development was obviou-
sly variable (Table I). Similar losses have also been recorded earlier; 
and are largely brought about by the changes in physico-chemical condi-
tions of water, particularly oxygen and temperature. 
Effect of temperature on spawning t Because of elevation, the prevai-
ling water temperatures at Ranchi were lower than those normally recor-
ded during induced breeding of carps in the plains below. Thus, the 
first set of mrigal was injected (17,5,75) at the temperature of 24''C, 
The temperature had decreased to 23,5 °C at the time of second injection. 
Spawning was observed in the early morning hours (4,30 a,m,) next day 
when the water temperature stood at 21,6 "C, The full temperature vari-
ation on that day is recorded in Table II, 
DISCUSSION 
Ecological factors that influence breeding : Optimum ecological 
conditions required for breeding, obviously differ from species to 
species. Light and temperature are, however, two external factors which 
greatly influence gonadal development and spawning. Other factors of 
minor importance are rain, flooding, strength of water currents and 
physico-chemical conditions of vJater. 
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Internally, it is the endocrine mechanism which controls 
breeding. Hormones secreted by the hypophysis stimulate gonadal develop-
ment and ovulation. Such activity of hypophysis is, however, influenced 
in turn by the external factors, particularly light. Apparently, exter-
nal environment mediates its effects through this gland and its hormones, 
(Hoar, 1957), 
Independent of such processes, population levels also exert 
some effect. Thus, over-crowding inhibits spawning in some fishes 
(Swingle, 1956; Greene, 1966; and Kwajiri, 1949), A hormone 'Repression*, 
or a 'reproduction control' factor, is secreted or excreted by the fishes; 
which prevents breeding , Of the role of chemical factors, relationship 
between high levels of ammonia and carbon dioxide in water with reduced 
spawning has also been clearly demonstarted. 
Growth and maturity of fishes : Knowledge about growth and maturity 
of fishes, is important in the identification of breeders. The onset 
of maturity is obviously associated with growth and indirectly thus 
with availability of food, feeding propensity etc. Therefore, differen-
ces are observed even between populations of the same locality. At 
higher altitudes, however, maturation slows down for reasons not speci-
fied yet. 
The age of first maturity in both rohu and mrigal, is two 
years (Alikunhi, 1957; Chakraborty and Singh, 1963); while catla attains 
maturity at the age of three years (Natarajan and Jhingran, 1963), No 
differences are observed between riverine or pond populations. The fem-
ales, however, grow to comparatively large size than males in both 
environments. The males become sexually mature at younger age 
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(Chaudhuri, 1959 a ), 
The males on sexual maturity, develop denticuiations on dorsal 
surface of the pectoral fin, which become rough to touch. The pectorals 
of males are also longer and stouter than those of females (Chaudhuri, 
1959 a ) . In contrast, the pectorals in females, with bulging abdomen and 
pinkish genital apertures, remain smooth. 
Fecundity and induced breeding of Ganqetic carps : Fecundity of fishes 
is variable, and differences occur within the same population according 
to size and age of individuals (Kesteven, 1950), Krivobok (1961) has 
observed that in herring, Clupea harenqus membras the first to spawn are 
less fecund; and that the loss of somatic food reserves is made up then 
by feeding. Higher the fecundity, the longer must be the compensatory 
period of feeding. Therefore, the more fecund fish take longer time to 
mature, which delays spawning. Thus, the strength of spawners has no 
significant effect on numbers of the coming brood (Merriman, 1946), 
Although gangetic carps are known for their high fecundity, 
actual estimates differ widely, 
Mriqal : Khan (1934) found in a ripe mrigal of 1,470 kg, a total of 
2, 16, 800 eggs; which equals the ratio of 147 eggs/g body—weight, 
Sukumaran (1969) reported 1,4 to 1,52 lakh eggs per kg budy weight 
from ripe pond—reared mrigal at Cuttack, Mrigal selected for breeding 
during 1977, however, yielded 1,26,500 to 3,85,000 eggs i.e. 126 - 257 
E9gs/g body weight (Table I ) , These numbers are significant in view of 
the fact that while spawning, the fish never release all eggs contained 
in the ovaries. Thus, the breeders used were obviously very fecund, 
perhaps because of having been reared in superior conditions of a 
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composite culture pond, 
Rohu : According to Khan (1972), the fecundity of rohu weighing from 
2,0 to 9,0 kg ranges from 621, 345 to 352, 1025 ; which is equal to 
488 eggs/ g body-weight of fish. The rohu breeders, however, yielded 
fewer eggs, 1,01,400 to 2,03,000 in the weight range 0,4 to 1,8 kg 
(Table I)» As both kinds of breeders were reared under identical condi-
tions, it is possible that rohu selected were also as fecund as the 
other species, or mrigal. Estimates of Khan (1972) pertain to bigger 
fishes, which are relatively more fecund. 
Hormones used in induced breeding of Ganqetic carps : Homoplastic 
pituitary glands are more effective, though glands of phylogenetically 
closer fish-species also give good results. Human chorionic-gonadotrophin 
harmone (HCG) is also successfuly used in USA to breed channel cat-fish 
(Rigs and Sneed, 1959), Synahorin (HCG mixed with mammalian pituitary 
extract) with threshhoid dose of fish pituxtary glands, has also been 
used to breed Chinese carps in Taiwan (Tang, 1965), Fish pituitary 
glands are also mainly employed in Russia, but the need for some substi-
tute is felt there. 
However, the fish pituitary gland is the main source of 
hormone employed in,breeding Gangetic carps. It is considered the most 
effective, and thus widely used. The results obtained in these experi-
ments also show that carps injected with homoplastic pituitary gland 
extracts yield very large number of eggs, which is commensurate with 
their known fecundities. 
Effect of temperature on induced breeding : As reviewed by Jhingran 
(1969), low temperatures have variable effect on breeding of fishes. 
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It accelerates tha earlier stages of maturation, but supresses the 
late stages in Fundulus confluentus (Harrington, 1959)» It delays 
maturation generally in Tilapia (Cridland, 1962); and inhibits it in 
Ferca fluviatilis (Morosova, 1957). Similarly, retardation of post-
spawning regression because of low temperatures, has also been observed 
in Couesius plumbeus (Ahsan, 1966)» 
The optimum range of breeding in Indian major carps, is 24 to 
35 "C (Khan, 1945; Chaudhuri, 1960; Dubey and Tuli, 1961), Thus, they 
were induced bred at much lower temperatures than any recorded earlier 
(Table I), 
Clemens (1968) has observed that the pituitary injections 
by-pass to some extent, the environmental influences of temperature, 
light and rain. Chaudhuri (1969) while emphasizing the role of temper-
ature in induced breeding of major carps, has observed that successful 
breeding occurs between temperatures of 24 to 31 °C, the optimum being 
27 °C, He maintains that under certain conditions, even if the spawning 
is induced either above or below this temperature range, the fertilisa-
tion and hatching of eggs is unsatisfactory* 
However, no such adverse effect of low temperatures on 
spawning of carps was observed in the present investigation. 
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CHAPTEF; _ VII 
DlbTRIBdTIDN AND ABUNDAMCE OF THE LAHVAE OF GA^GETIC CAHPS, 
CATLA CATLA ( HAMILTON ), LABEO RUHITA (HAi-'ILTGN ) , 
L^ . CALBASU (HAKILTQ^J) Al\;D CIRRHINA MRIGALA 
(HAMILTON) 
IN A 5T,iETCH OF RIVER GANGA. 
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INTRODUCTION 
Inspite of spectacular advances in fish seed production 
through hypophysation and bundh breeding, the natural riverine environ-
ment continues to remain the chief source of country's fish seed requir-
ements. Since induced breeding of major carps is yet to gain the desired 
popularity and has its own limitations, the increasing requirement of 
fish seed calls for the location of additional high yielding carp seed 
collection centres in riverine environments. 
Though intensive spawn collection is practiced in certain 
stretches of many rivers, a systematic compreshensive survey of the 
spawn resources, except in the case of Mahanadi in Drissa and those 
carried out by the Central Inland Fisheries Research Institute (Anon, 
1965; Malhotra _at ^ . , 1966; Shstty e_t. ^ . , 1967 and 1971 and Khan and 
Kamsil, 1972), has not been done. Therefore, investigations were initi-
ated on river Ganga in Bihar with a view to assess the larval distri-
butions of major carps. The present chapter elucidates the results of 
the systematic attempt at the qualitative and quantitative analysis of 
fish seed in a 370 km stretch of river Ganga (Patna to Rajmahal) in 
Bihar {Fig, l), 
MATERIAL AND METHODS 
The 370 km stretch of river Ganga extending from Patna down 
stream to Rajmahal was investigated during the years 1971 (110 km 
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stretch from Patna to Mokaraeh - the upper stretch), 1972 (100 km stretch 
from Mokameh to Sultanganj - the middle stretch) and 1973 (160 km 
stretch from Sultanganj to Rajmahal - the lower stretch)» 
In deciding upon a site on a river stretch as suitable for 
detailed investigations, the following factors were taken into consider-
ation ! l) Good accessibility during the monsoon months; 2) Topogra-
phy of dry river - beds and the bank features to expect a) sufficient 
operational area at each flood level, b) gently sloping bank along 
which subsidiary current of moderate velocity ( 0,5-3,0 km/hr,) flowing 
parallel to the bank would prevail during monsoon; 3) Availability of 
major carps in abundance in the stretch and adjoining water areas; 4) 
Presence of nalas or tributaries in the vicinity which may either 
constitute the breeding grounds or link the breeding grounds elsewhere 
with the river stretch. 
During the course of investigations, the technique employed 
consisted of operating 1-5 standard spawn nets (/S" meshed Midnapur 
type fish seed collection nets) round the clock and analysing their 
catches for ascertaining the fish seed availability and deriving the 
indices of fish seed quality and quantity, A trial net was operated 
at 2 or 3 spots round the clock throughout the season. The moment their 
catch indicated bulk fish seed availability (i.e, 1 ml/hr/net), the 
spot of maximum spawn availability was determined and a battery of 
5 standard nets put into operation. When the larval density fell below 
the index of availability, trial net operation was restored. 
After removing the floating debris from the qamcha. the 
larvae collected there were scooped out to a container half filled 
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with river water. They were then sieved through round meshed mosquito 
netting cloth on to a muslin cloth kept half immersed in water and 
measured in brass cups of 5 - 2Q0 ml capacity before being released 
inside hapas for awaiting transhipment (l ml = c. 500 larvae). 
The quality of fish seed was determined through microscopical 
examination of two hourly samples as well as by their periodic rearing 
in nurseries, plastic pools or dugout pits upto indentifiable fry stage. 
Any catch of larvae having 10 % or more of major carps, as revealed 
by microscopical examination, was considered as desirable. The total 
catch of desirable larvae taken by one standard net in the course of 
the entire season, generally based on the average of 5 standard nets, 
was taken as the seasonal index of larval quantity. The percentage of 
major carps in the season's total catch of desirable larvae, as 
revealed by rearing, was taken to be the seasonal index of larval quality* 
OBSERVATIONS 
THE UPPER STRETCH (Patna to Mokameh) : 
Fish seed occurrence : The flood pattern of river Ganga in this stretch 
is heavily influenced by the three tributaries viz, the Son, the Gandak 
and the Punpun {Fig, l). During the course of investigations (24,6,71 -
22.8,71)» six floods were encountered, yielding seven larval spurts. The 
number of floods, number of larval spurts and their larval yield are 
delineated in Table I, 
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The desirable larval catch (1410 ml) accounted for 96.7 % of 
total catch (1457 ml); availability period was spread over 162 hours 
between 3Qth June to 26th July, 1971. The peak larval availability 
period was observed to be from 2.7,71 to 14,7.71 when 87,7 % of the 
season's larval catch could be obtained in three larval spurts (III, 
IM &. SI ) in 124 hours. 
Fish seed quality i The qualitative composition of the larval catches 
is depicted in Table II, Mrigal dominated the major carps during spurts 
III L VI (27.09 % &- 35.26 %) where as rohu dominated the catches of 
spurt II t IV (9.7 % &. 42.2 % ) , Catla, having a comparatively lean pro-
portion amongst the major carps, dominated the spurt V with rohu (14.2 J 
each). Mrigal, rohu and calbasu were present in all the spurts, while 
catla was available in spurts II, III and V only. Amongst the major 
carps, calbasu's contribution was the poorest in this stretch. 
The index of quality was estimated to be 40,37 %, while the 
index of quantity was found to be 282 ml, 
THE MIDDLE STRETCH (Mokameh to Sultanqanj) : 
Fish seed occurrence : The observations were initiated on June 20, 
1972 when typical summer conditions were prevalent, and wt^ re continued 
till August 31, 1 972. 
During the course of investigations, the river experienced 
four floods, yielding ten larval spurts. Table I depicts the number of 
floods, number of larval spurts in course of floods and their larval 
yields. 
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TABLE I 
Fish seed occurrence in the stretch of river Ganga (Patna to 
Rajmahal) in Bihar During the year 1971-73. 
Flood 
No. 
I 
II 
III 
Larval 
sourt 
No. 
1 
2 
3 
4 
5 
6 
7 
Spurt 
fjQW 
Date 
Hour 
duration 
P eriod 
in 
UPPER STRETCH 
26.6,71/6.ao 
30.6.71/lB.OO 
2.7.71/2.00 
10.7.71/1B.00 
13,7.71/16.00 
24.7.71/22.00 
25.7.71/20.00 
10 
8 
80 
24 
22 
14 
14 
hours 
(1971) 
Fish 
seed 
desir-
ability 
(D/UD)** 
UD 
D 
D 
D 
D 
D 
D 
Totsl larval 
catch 
in ml * 
47 
25 
747 
153 
338 
83 
64 
IV 
V 
Total 172 1457 
MIDDLE STRETCH (1972) 
I 
I I 
I I I 
IV 
1 
2 
3 
4 
5 
6 
7 
8 
9&.10 
29.6.72/8.00 
10.7.72/16.00 
16.7.72/22.00 
21.7.72/6.00 
22.7.72/10.00 
23.7.72/14.00 
1.8.72/14.00 
13.8.72/22.00 
20.8.72/14,00 
10 
4 
8 
12 
6 
78(10)*** 
40(10)*** 
34(8)*** 
30 
D 
D 
D 
D 
D 
D 
D 
D 
D 
48 
15 
34 
81 
45 
647 
168 
270 
320 
Total 222 1628 
I 
II 
III 
IV 
1 
2 
3 
4 
5 
6 
7 
-
LOWER STRETCH ( 
21.6.73/18.00 
11.7.73/06.00 
16.7.73/04.00 
18.7.73/06.00 
18.7.73/20,00 
22.7,73/12,00 
23.7.73/20.00 
_ 
10 
1973) 
12(4)*** 
14 
6 
6 
18 
84 
_ 
D 
D 
D 
D 
D 
D 
D 
_ 
50 
300 
130 
60 
105 
685 
4820 
«. 
Total 150 6,150 
* 1 ml = c. 500 larval. 
** D = Desirable t UD = undesirable. 
*** Number of hours net operation was suspended due to rough weather. 
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Of the total larval catch of 5 standard net5(1628 ml), 62.4B^ 
was the yield during the receding phases while 27.6Q % represented the 
catch of rising phases of the various floods. 
Fish seed quality : The species composition of larval catches is deli-
neated in Table II. 
Larval spurt VI was the richest, contributing as high a per-
centage of major carps as 94.94 - 95,99 %f initially and for the greater 
period of its occurrence but subsequently its desirability fell to 
49.2 % during its last phase on account of heavy spawning of Barilius 
sp,, Season's poorest desirability, recorded during larval spurt II, 
was 47.21 %» Cirrhina mriqala was present in all the spurts, dominating 
most of them, closely followed by Labeo rohita. Catla catla was availa-
ble only once and Labeo calbasu was totally absent. 
The index of quality was estimated to be 70.28 %, while the 
index of quantity was found to be 324.6 ml, 
THE LaWER 5TRETCH (Sultanqan.j to Raimahal) : 
The flood load of river Ganga is further influenced in this 
stretch by the river Kosi and other tributaries in the form of rivulets 
and nalas (Fig. l). The observations initiated on 21.6.73 were carried 
through to 28,6.73, 
Fish seed occurrence : The river experienced four floods during the 
course of investigations. The first three floods yielded seven larval 
spurts but no fish seed was available during the fourth and the last 
flood. Table I depicts the numbers of major floods, number of larval 
spurts in the course of floods and the quantities of fish seed 
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TABLE I I 
F i s h s e e d q u a l i t y ( S p u r t - w i s e ) i n t h e s t r e t c h of r i v e r Ganga 
( P a t n a t o R a j m a h a l ) d u r i n g t h e y e a r s 1 9 7 1 - 7 3 , 
FISH SEED QUALITY IM % DETERMINED THROUGH REARING 
L a r v a l 
s p u r t L , c a l b a s u L , r o h i t a C» c a t l a C, m r i g a l a Majo r c a r p Minor c a r p o t h e r s 
UPPER STRETCH (1971) 
! • 
2 . 
3 . 
4 . 
5 . 
6 . 
1 . 4 2 
0 , 5 8 
0 . 4 3 
1 . 2 0 
3 . 5 5 
0 . 8 2 
4 
9 
9 
42 
14 
.26 
,50 
,46 
,18 
,20 
6 . 6 0 
0 , 8 6 
14.20 
1 .64 
4 . 2 6 
5 . 7 6 
27.09 
8.74 
1 0 , 6 5 
3 5 . 2 6 
9 , 9 4 
2 3 , 8 8 
3 7 . 8 4 
5 1 . 8 2 
4 2 . 6 0 
3 7 . 7 2 
8 7 . 3 3 
7 5 . 1 2 
6 1 . 4 9 
4 8 . 1 3 
4 9 . 9 2 
6 1 . 5 2 
2 . 1 3 
-
-
-
7 . 1 0 
0 . 8 2 
Pooled average 40.37 
MIDDLE STRETCH (1972) 
1. 
2. 
3. 
4. 
6.24/7 
26/7 
27/7 
7. 
35.42 
15.37 
10.40 
-
32.43 
1.40 
2.70 
65.19 
57.52 
. 
-
-
-
54,05 
0,47 
1.30 
-
-
19.32 
31.84 
66.40 
71.50 
8.46 
94.20 
45 .20 
2 .87 
16.55 
57.74 
47.21 
76.80 
71.50 
94.94 
95.99 
49.20 
68.6 
74.07 
41.86 
4 6 , 1 1 
15.20 
26.40 
4.70 
4 .20 
50.50 
24.60 
22.45 
3.72 
6.58 
8.00 
2.20 
-
-
-
7.33 
3.54 
Pooled average 70.28 
1. 
2» 
3. 
4. 
6. 
7.23/7 
24/7 
25/7 
26/7 
27/7 
1.0 
LOWER 
63.0 
67.0 
75 .0 
69 .0 
62 .0 
65 .0 
49 .0 
47 .0 
58.0 
50.0 
STRETCH 
22,0 
1.0 
10 .0 
20 .0 
17 .0 
6 .0 
16.0 
22.0 
15.0 
17.0 
(1973) 
-
9 .0 
-
-
-
-
2 .0 
9 .0 
5.0 
2 .0 
85.0 
97 .0 
85 .0 
90.0 
79 .0 
71 .0 
67 .0 
78 .0 
76.0 
69.0 
1 4 . 0 
3 . 0 
1 4 , 0 
5 , 0 
1 8 . 0 
2 6 . 0 
2 8 . 0 
2 2 , 0 
2 2 , 0 
2 8 , 0 
1 .0 
-
1.0 
1.0 
3 ,0 
3 .0 
5 . 0 
-
-
3 . 0 
Pooled average 79.90 
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collected in each spurt, 
A total of 6,150 ml of fish seed was collected during the 
course of investigations. Out of this 4,400 ml spawn was collected in 
five standard nets. All the spurt-wise comparisons are based on the 
collections of 1 to 5 standard nets only» 
The rising pbase of flood III was the most prod' ctive in that 
there occurred two (6th &. 7th) larval spurts yielding 5,505 ml of fish 
seed being 35,1 % of the season's total catch. Of the total larval catch, 
86,2 % was collected during the rising phase whereas only 14,1 % could 
be collected during the receding phase of various floods. 
Fish seed quality : The percentage composition of fish seed catches 
made during different larval spurts is delineated in Table II, Larval 
spurt II was the richest comprising of as high a percentage of major 
carps as 97.0 %, 
Labeo rohita and Catla catla were present in all the spurts; 
while rohu forming the bulk of the collection, _C, mriqala was poorly 
represented in only two spurts i,e, 2nd &. 7th» Highly negligible percen-
tage of JL, calbasu could be encountered in only 4th spurt. Most of the 
spurts were the result of almost simultaneous spawning of rohu and catla, 
The index of quality was estimated to be 79,90 % while the 
index of quantity was found to be 880 ml. The potentility of the lower 
stretch is richest, both in respect of quality as well as quantity of 
major carp larvae as compared to the upper and middle stretches. 
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GENERAL REMARKS 
The gap between demand and carp seed production was estimated 
to be 1850 millions spawn, 1440 million fry and 73 million fingerlings 
in 1964-65 (Govt, of India, 1966), and this is continuing to grow at a 
tremendous rate inview of the increasing energies being diverted towards 
Composite Fish Culture technology in different parts of the country. 
Latest estimate indicate the total requirement of carp fingerlings need-
ed for intensive culture, traditional culture and for reservoirs would 
be over 2000 million in 1984 (ueorge and 5inha, 1975), The Central Inland 
Fisheries Research Institute undertook an extensive programme of carp 
seed prospecting from 1964, These surveys have not only advanced the 
techniques of fish seed collection but have also led to the location 
of several new potential spawn bearing centres. 
The 370 km investigated stretch of river Ganga (Patna to 
Hajmahal) in Bihar is a highly potential source of carp seed. Fish seed 
prospecting investigations carried out in the three zones of this 
stretch indicated that each zone has its own characteristic features 
in terms of seed quality, quantity and periodicity of seed availability. 
The indices of larval quality and quantity are satisfactory measures 
of fish seed yielding capacity of a river stretch. Eased on these 
observc'tions, it is clearly evident that the fish seed bearing potentia-
lity of the river Ganga increases down stream of Patna and is of highest 
order in the lower stretch. In the upper and middle stretches of the 
river the spawning of Cirrhina mriqala and Labeo rohita was frequent, 
the former being dominant, but the spawning of Catla catla was of 
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limited order and that of J-, calbasu of v/ery low magnitude. Whereas 
in the lower stretch most of the spawn spurts were caused by the 
simultaneous spawning of L_, rohita and C_, catla and the former repres-
ented the bulk of the collections. Only two spawning bursts of very low 
order of £, mriqala and a single very poor spawning of the season in 
case of L-, calbasu were encountered. 
In the upper and middle stretches, the spanning of major 
carps is recorded in the last week of June whereas it commences earlier 
i.e, in the third week of June in the lower stretch, probably being 
effected by the early flooding of the Kosi, The spawning of major carps 
appears to be over in July in the upper and lower stretches whereas it 
continues for a much longer period i.e, upto end of August in the 
middle stretch. The bulk of spawn is harvested in the first fortnight 
of July in the upper stretch, last week of July to 3rd week of August 
in the middle stretch and second to third week of July in the lower 
stretch. Knowledge of the time of occurrence of the most productive 
larval spurts in various sections of the river stretch alongwith an 
idea of the indices of fish seed quality and quantity can be fruitfully 
utilized for suitably planning the seed collection programme. Thus, 
the investigated river stretch can be judiciously exploited to meet 
the additional requirements of fish seed. 
The major carp fishery of Ganga river system in the state of 
Uttar Pradesh and Bihar does not show any correlation between spawn off 
take and decrease in catches which hss more or less stabilised around 
200 t per annum (based on landings at 8 centres during 1961-69) and 
it needs only 40 t of spawners to produce the present spawn collec-
tions from the Ganga river system (Natarajan ^ ^ , , 1976), Harvestinn 
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of spawn crop should, therefore, be taken as a measure to raduce natural 
mortality but such cropping should not go beyond a certain level 
imparing recruit strength. The requirements of fish seed have grown 
considerably. It is imperative that the riverine collections, being the 
natural source and the main stay of the total spawn production in the 
country, are judiciously exploited and other modes of seed production 
are intensified. The Ganga river system in Uttar Pradesh with much 
higher major carp stock strength calls for more extensive exploitation 
rather than in Bihar and Bengal, There seems to be good scope for the 
exploitation of fish seed resources of the economic carps of the 
Peninsular India, Other methods of fish seed production such as bundh 
breeding and induced breeding through hypophysation are to be populari-
sed on national level. In the interest of optimum exploitation of the 
resources on a continuing basis, conservation and management measures 
have to be taken care of. Such constant efforts may largely contribute 
to the regional self sufficiency in terms of fish seed. 
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CHAPTER VIII 
CQRICA BIHARENSIS. 5P. NOV. (PISCES: CLUPEIDAE) 
FROM THE RIVER GANGA IN BIHAR (INDIA). 
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INTRODUCTION 
A monotypic species, Corica soborna Hamilton was first descri-
bed by Hamilton-Buchanan (1822) from the Mahanadi river, Drissa. Cay 
(1878 and 1889) extended its range to Orissa and Bengal though his 
specimen belonged to Orista, This species has not been included by 
Weber and Beaufort (1913-36) in the fishes of Indo-Australian Archipe-
lago, Shaw and Shabbear (1937) have also omitted this species. Misra 
(1947, 1952 and 1976) has recorded this species, briefly describing the 
distinguishing characters, and mentioned its distribution from India, 
Pakistan and Phillipines, Nair (1953) has made a brief reference of 
this species, without mentioning the distribution. Whitehead (1972) 
recorded its occurrence in the Mahanadi river, in India, Perak river in 
Singapur, S, E, Sumatra and S, W, Borneo, This is, therefore, the 
first report of a species of Corica from the river Ganga in Bihar, 
During the course of an ichthyological survey of the river 
uanga in Bihar in the years 1971-1973, the author collected 143 speci-
mens of fish belonging to the genus Corica ranging from 17,0 - 45,0 mm 
in total length from the stretch of river Gangs in the districts of 
Patna, Bhagalpur and Santhal Parganas, These specimens differed consi-
derably from the monotypic _C, soborna in a number of diagnostic features 
and are, therefore, described here as a new species and named as Corica 
biharensis after the locality. In the present chapter the new species 
£.. biharensis is described and a key for the identification of the 
species of Corica is given. 
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CORICA BIHAREN5I5 5P. NOV. 
MATERIAL 
143 specimens of the new species, including the holotype, 
17,0 - 45.0 mm in total length from the river Ganga in Bihar, ware 
collected by M, Yusuf Kamal. 
Holotype : ZSI registration no, F 7129/2, 43.00 mm total 
length, from river Ganga at Rajmahal, district Santhal Parganas (Bihar), 
collected by M, Yusuf Kamal on 23,7.1973, deposited in the National 
Zoological Collections of the Zoological Survey of India, Calcutta, 
Paratypes : 2 examples - ZSI registration no. F 7130/2, 
27.0 and 40,0 mm total length, data same as the holotype. 
DESCRIPTION 
B vi, D 15-16(2/13-14) P 13, V 8, A 13-14(2/11-12) + ii, C 17. 
The body is distinctly elongated and compressed (Fig, l). 
Scales are moderate in size, smooth, thin and deciduous. The dorsal and 
ventral profiles are almost straight until the position of the ventral 
fins. The abdomen is keeled and serrated, with scutes commencing just 
below the level of the pectoral fins. Origin of the dorsal fin is 
closer to the base of the caudal fin than to the snout, and the origin 
of the ventral fins is very slightly anterior to that of the dorsal fin. 
The anal fin is moderate with the last twc rayt, detached to form a 
X 1 3 7 I 
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second anal. The second anal is composed of two thickened rays cleft 
to the base and much longer than the last ray of the first anal. The 
first anal commences just behind the posterior extremity of the dorsal 
fin. Lower lobe of the caudal fin is slightly longer than the upper 
lob*. Eyes are large. 
Abdominal serrations include 10 - 11 preventral and 7 
postventral scutes. 
Length of the head is 5,73 - 6,0 times, height or depth is 
6,35 - 6,6 times, length of the caudal fin is 4*5 times in total length* 
In body length the head is included 5,0 - 5,5 times and the depth 
5,25 — 5,40 times. The diameter of the eye is contained 3 times in 
head length. 
The colouration is silvery white without any band, A *U* 
shaped cluster of black dots of melanophores are characteristically 
present on the parietooccipital region of the head. The caudal has 
faint dark edges and a faint black spot at the base. 
As the scales are deciduous and easily fall off, the 
enumeration of scales along the lateral line across the sides has not 
been attempted. 
The species under study clearly differs from ^ « soborna. 
and is distinguishable by its very elongated body, lesser depth, 
smaller head, the presence of typical cluster of melanophores on the 
parieto-occipital region and the absence of any other colour band on 
its body. 
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MEASUREMENTS OF THE FISH IN MILLIMETERS 
Holotype Paratvpe I Paratvpe II 
Total length 
Body length 
Height or depth 
Head length 
Diameter of eye 
Length of snout 
Length of caudal fin 
Origin of dorsal fin from snout 
Origin of dorsal fin from caudal base 17.00 
43,30 
35,50 
6.75 
7,50 
2,50 
2,25 
9,50 
18,75 
! 17,
40,00 
33,00 
6,50 
6,25 
2,00 
1,75 
7,00 
18,50 
16.50 
27,00 
23,25 
4,25 
4,50 
1,50 
1,50 
5,50 
11,50 
9,75 
It belongs to genus Corica in its divided anal fin, the snout 
being slightly shorter than the eye diameter, maxillae reaching below 
the middle of the orbit and other characters. 
The elongated silvery body, large black eyes and the black 
spot on the almost transparent skull to shade the hind brain are all 
clear adaptations for a life in the surface waters, 
KEY TO SPECIES OF GENUS CQRICA 
A, Head 4; height (= depth) 4,25 in body length, 
(Head 5,25 - 5,50; height 5,0 - 5,50 in total length) 
Caudal 5,50 in total length. Eye 2/5 of head length. 
C — 19 — — . — _-.—.——-.—_-. Corica soborna, 
B, Head 5.50; height (= depth) 5,25 in body length, 
(Head 6,0; height 6,60 in total length) 
Caudal 4 1/2 in total length. Eye 1/3 of head length. 
C - 17 — — ~ —. Corica biharensis. 
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CHAPTER IX 
THE LENGTH-WEIGHT RELATIONSHIP AND K FACTOR IN 
CORICA BIHAREN5I5 KAMAL &. AH5AN AND CORICA 
SQBORNA (HAMILTON) FROM THE RIVER GANGA. 
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INTRODUCTION 
The extent of Clupeoid fauna is now fairly well known, but 
for the vast majority of species, knowledge on their biology is quite 
inadequate (Whitehead, 1972). Till recently, Corica was a monotypic 
genus represented by the lone species, Corica soborna (Hamilton-Buch-
anan, 1822; Day, 1878 and 1889; Misra, 1947, 1952; Nair, 1953 and 
Whitehead, 1972). With the addition of another species, Corica biharensis 
(Kamal and Ahsan, 1978), the genus now includes two species. Except 
distribution and the characters of their identification, no biological 
information is on record for these two clupeids. The following account, 
therefore, forms the first part of a series of maiden studies on the 
biology of these clupeids, 
MATERIAL AND METHODS 
Corica soborna is known to rarely attain above 2 inches in 
length (Day, 1889) and the maximum size recorded for the Corica 
biharensis is also within this range (Kamal and Ahsan, 1978), Total 
length and total weight data for 135 specimens, ranging from 17 - 45 mm, 
of _C, biharensis and 37 specimens of _C, soborna. ranging from 26 mm to 
39 mm, were utilized for this purpose. The data used for computing the 
relationship were collected in the course of three years (1971 - 1973} 
during monsoon months from the river Ganga in Bihar, This, incidentally, 
eliminated any seasonal effect in weight due to differential feeding 
or maturity of gonads. 
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The length and weight of each specimen was calculated and 
fitted into the formula : 
W - c L^ 
where W = weight, L = length, *c' is a constant (Initial growth index) 
determined from the data and 'b' an exponent (Equilibrium constant) 
approximately = 3, also determined from the data. This formula descri~ 
bes the length - weight relation of a sample of fish. The least square 
regression of the logarithmic transformation : 
Y = a + b X 
in which Y = log weight, a = log c and X = log length has 
been used for estimating the values of *c' and 'b*» 
The average weights of several specimens in each length group 
were used for computing K values for each length group of both the 
species, 
K was calculated from the following formula : 
W X 10^ 
K = — 
5 
The number 10 was introduced to eliminate decimals and thus 
to bring K near unity, 
COMPUTATION OF LENGTH-WEIGHT FORMULA 
The equations that best described the length-weight relation-
ship in C, biharensis and C, soborna were found to be : 
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(i) For £. biharensis ; 
W = Q.QQ09757 L^-^^'° 
or expressed logarithmically t 
log W = - 3.0107 + 3,4980 log L 
( r = 0.B650 ) 
(ii) For _C, soborna : 
W = 0.0006079 L^'^^^^ 
or expressed logarithmically : 
log W = - 3.2724 + 3,6898 log L 
( r = 0.9669 ) 
The length-weight relationship in ^ , biharensis and _C, soborna 
is delineated in Figs, 1 and 2 respectively. The curves represent the 
calculated weights and the dots the empirical weights. The agreement 
between the calculated and empirical weights was generally good as is 
also evident from Table I, The greatest discrepancy occurred among the 
larger fish for which the number of specimens was small. 
K FACTOR 
The K factors were calculated for individual length groups of 
C_, biharensis and £,, soborna. The values of K in relation to length of 
both the species are given in Table II and plotted in Fig, 3, From Fig, 3 
it is evident that the values of K remained relatively low in smaller 
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length groups and gradually a good condition was built up with increase 
in length. From a perusal of Fig. 3 it is further evident that K values 
of _C, soborna were always higher than those of £. biharensia of compar-
able length groups, indicating there by that the former is more robust 
in health than the latter. This inference conforms with the earlier fin-
dings on these species when it was established that £. biharensis is 
comparatively more slender and possesses a smaller hjd than that of its 
only co-gener, £, soborna (Chapter VIII), This very fact in collabora-
tion with other features as well led to its being given the status of 
a new species (Kamal and Ahsan, 1978)# 
GENERAL REMARKS 
The equation W = c L ( o r W = a L ) expresses the relation-
ship better than the general cube law ( Hile, 1936 )• The logarithmic 
transformation of this formula gives a straight line (Figs. 1 and 2 )• 
This relationship indicates that the weight of a fish varies as sorae 
power of its length. 
The reliability of the equations derived in this paper would 
be seen to be high from the coefficient of correlation value being 
0.8650 for £, biharensis and 0.9669 for _C, soborna as well as from the 
comparison of the empirical and calculated weights given in Table I, 
A perusal of the length-weight equations derived for £» biharensis 
and £. soborna indicates that the value of 'b* for both the species 
was above 3. Since the values of 'b* are above 3 in the length-weight 
equations, it may be inferred that the weights of both the species 
increase slightly more than the cube of their lengths. 
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TABLE I 
Calculated and empirical weights of £• biharensis 
and C, soborna. 
Length Corica biharensis Corica soborna 
(mm) Empirical Calculated Empirical Calculated 
weight(mg) weight (mg) weight(mg) weight (mg) 
20.0 
25.0 
26.0 
30,0 
35.0 
38.0 
40.0 
44.0 
33.5 
83.0 
-
146.0 
243.5 
-
378.5 
488.0 
33.9 
75.7 
-
146.6 
245.7 
-
392.0 
544.6 
-
-
95.0 
173.0 
313.0 
416.0 
-
-
-
-
101.1 
171.4 
302.8 
410.2 
-
-
C« soborna, gifted with a deeper body and larger head gives 
a comparatively more robust appearance even to the naked eye as against 
the more slender and streamlined form of the C^, biharensis. The better 
general condition of the former is also reflected in their overall higher 
K values for comparable lengths of the latter (Fig, 3), According to 
HacGregor (1966) theoretically if 'n' {. *b' in the present case ) is 
less than 3, the condition factors should decrease with the increase in 
length. The values of 'b' being more than 3, the overall higher K 
values with increasing lengths for C_, biharensis and ^ . soborna appear 
fairly in line with the aforesaid assumption, but the observed values 
donot pinpoint absolute dependence of K on length. The low values of 
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K were frequently recorded for larger specimens for which the number 
was amall* 
TABLE II 
Coefficient of condition (K) for individual lengths 
of _C, biharensis and C_, soborna 
Length (mm) C, biharensis C, soborna 
17.0 
20.0 
20.5 
21.0 
21.5 
22.0 
22.5 
23.0 
23.5 
24,0 
24.5 
25.0 
26,0 
26.5 
27.0 
27,5 
28.0 
28.5 
29.0 
29.5 
30.0 
30,5 
0.30531 
0.41287 
0.44689 
0.42004 
0.40551 
0.42825 
0.48986 
0.48080 
0.49314 
0.47374 
0.51339 
0.53104 
0.57578 
0,51585 
0.53980 
0,55935 
0.53411 
0.54429 
0,53200 
0.61156 
0.54074 
0.51457 
0.54050 
0,62490 
0,61066 
0.57243 
0.67519 
0.64074 
0.65907 
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TABLE II CONTINUED 
Length (mm) ^» biharensis C, soborna 
31.0 
31,5 
32.0 
32.5 
33,0 
33.5 
34.0 
34.5 
35.0 
36.0 
36.5 
37.0 
37.5 
38.0 
38.5 
39.5 
40.0 
40.5 
41.0 
42.0 
42.5 
44.0 
45.0 
0.55218 
0.53109 
0.54702 
0.58261 
0.58157 
0.64367 
0.48460 
0.56793 
0.59655 
0.55524 
0.60411 
0.51958 
0.56395 
0,59754 
0.53383 
0,59148 
0.66611 
0.59488 
0.59118 
0,54581 
0,57287 
0.47187 
0,57735 
0,86063 
0.62408 
0.66410 
0.63146 
0.64708 
0.73002 
0.74650 
0.83904 
0.75812 
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ALIMENTARY CANAL AND ASSOCIATED 
STRUCTURES IN CAT LA CAT LA (HAM.) 
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INTRODUCTION 
The first stage in the life cycle of a (Ish is completed at the expense of the 
food reserves contained in yolk in the egg. These resources, however, sustain it 
only for a short period which is subject to some variations depending on the 
quantity of yolk stored and conditions under which the eggs develop. With the 
complete utilization of yolk the young fish commences feeding from its habitat. 
"Dixring the process of development of the fish, changes take place in its food, 
which are connected with changes in its structure, corresponding to the changes 
in the composition of food, ontogenetic changes also take place in the structure 
of the feeding and digestive organs" (Nikolsky, 1963). 
Food of the commercial species of Indian major carps such as Catla catla, 
Labco rohita and Cirrhina niriiiula, etc., has been studied by several workers 
(Mookerjee, 1945; Chacko and Kuriyan, 1948; Alikunhi, 1952, 1957 and 1958; 
Menon and Chacko, 1957; Mitra and Mohapatra, 1956 and Kamal**. 
Mookerjee and Ganguly (1948) have attempted to correlate the food, feeding 
habits and the changes in the facial part during the developmental period in the 
four Indian major carps. C. catla, C. nvii^ala, L. rohita and L. calpftsii. However, 
information on the food consumed by catla, rohu and mrig^f during various 
stages of their life-history correlated with the differentiation/of the alimentary 
canal and the associated structures is at present lacking and no systematic attempt 
has been made to study the same. In the very early stages of development, 
because of difficulties in correctly identifying the different species, such studies 
would ordinarily be difficult, but successful pond breeding of the major carps by 
administering pituitary hormone injections rendered it easy to procure entire series 
•Present address : Central Inland Fisheries Research Substation, 30, Panna Lai Road 
Allahabad (U.P.), India. 
**Kamal, M. Y. 1966 On the occurrence of coleopteran larvae in the gut contents of Labeo 
rohita (juveniles). Sci. Cult., 32 (5): 271-72. 
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of larval and post-larval stages without confusion or mistake (Chaudhuri and 
Alikunhi. 1957; Alikunlii et al, 1960 and Chaudhuri, 1960). 
Accurate knowledge of the food consumed by the commercially important 
species during their larval and post-larval stages is essential for their successful 
rearing in nursery ponds. Alikunhi (1952) studied the food of carp fry and their 
feeding capacity under laboratory conditions but the fry, obtained from river 
collections, were not identified and in all probability comprised a mixture of 
several species. 
It is known that the structure of the alimentary canal varies depending on 
the food consumed by the species. The length of the gut is one of the important 
features considered in assessing the nature of diet in different species. The length 
and mode of coiling of the alimentary canal is used as a diagnostic character 
to differentiate various species (Babak, 1903, 1904 and 1905; Young, 1904, a and b; 
Jacobshagen, 1911 and 1913; Suyehiro. 1942 and Kafuku, 1952 and 1958). Kafuku 
(1952 and 1958) has shown that on the basis of the intestinal coiling the crucian 
carp, Carassius canissius can be easily sub-divided into varieties and each variety 
having distinguishing characteristics in the intestinal coiling. These varieties are 
further distinguished by differences in their rate of growth also. Yoshizaki (1957 
and 1958) has confirmed the above findings in a similar but independent study 
of the varieties of Carassius aurutus and Carassius carassius. 
The major Indian carps, catia, rohu and mrigal distributed in various river 
systems and water sheds in India are subjected to different ecological conditions. 
These species form the basis of an extensive pond culture industry in the country. 
As possible differences in stocks, populations, races or varieties in a species may 
mean significant differences in growth and production, a detailed study of the 
structure of mouth parts, gills and alimentary canal and the natural food con-
sumed during different phases of life-history were considered essential to deter-
mine the nature of stocks and define their distinguishing characteristics. As a 
preliminary step in this direction a systematic study of the natural food consumed 
and sructural differentiation in the gut, gills and mouth parts of catla,, rohu and 
mrigal larvae grown in nursery ponds was taken up. Observations made on catla 
are briefly reported in the present communication. 
MATERIAL AND METHODS 
Material for the present study was collected from nursery ponds at 'Killa' 
and 'Chowdwar' fish farms of the Central Inland Fisheries Research Sub-station, 
Cuttack. The nurseries were stocked with catla, rohu and mrigal spawn obtained 
by induced breeding of these species by administering pituitary hormone injec-
tions. Fry from different ponds were separately sampled and preserved every 
alternate day during the period of 19 days of pond rearing. They were preserved 
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on the spot in 2% formalin during the first three days of rearing and in 4% 
formalin thereafter. Detailed study of the material included : 
1. Recording total length with the aid of a binocular microscope and a pair 
of fine dividers. 
2. Recording the number of gill-arches, gill-filaments and gill-rakers and 
sketching these structures. 
3. Dissection of the alimentary canal, sketching its pattern of coiling from 
ventral side, teasing and straightening the gut and measuring its length 
over a millimetre scale. 
4. Analysing the gut contents by counting the items of food or making an 
eye estimation of those items where counting was not possible and working 
out their percentages in total food present. 
The length of the gut is one of the structures of the alimentary canal that 
can be utilized for determining the feeding behaviour of the fish. As a matter 
of fact the absolute length of the alimentary canal is of little value and has to be 
reduced to a certain unit ratio. During the present investigation this ratio was 
taken as the length of the alimentary canal to the body length. 
HATCHLINGS 
The hatchlings examined 5 hours after hatching had no mouth but an invagi-
nation visible inside the outer membrane represented the mouth. Differentiation 
of the brain had progressed; a dark spot had appeared in each eye and the 
mymomeres were present (Fig. 1). Yolk-sac was elongated and the embryonic 
fin fold was continuous. The average length of the hatchling was 5.2 mm. 
One day after hatching the hatchlings had the mouth formed and the eyes 
were pigmented (Fig. 2). Pectoral fins were functional. Dorsal, ventral and 
caudal fins were continuous and the caudal fin fold appeared faintly striated. 
Yolk-sac had become smaller. The average body length had increased to 6.5 mm. 
MOUTH AND LIPS 
The mouth, as observed in the hatchlings 5 hours after hatching, is in the 
form of an invagination inside the outer membrane and is closed, lateral in 
position and slightly posterior to the eye and almost touching it (Fig. 1). It 
opens for respiration one day after hatching and has moved upwards becoming 
anteriorly placed to the eye and the eye is pushed slightly backwards and down-
wards. The mouth is still touching the eye and possesses very delicate thin 
margins (Fig. 2). 
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On the third day after hatching the margins of the mouth start becoming 
thick, indicating that the lips are coming into being, and the eyes get further 
pushed posterior to the mouth and no more touch the mouth; thus the mouth 
assumes a perfect anterior position (Fig. 3). The thickening of the lips has 
further progressed on the 5th day after hatching and the large eye gets placed 
permanently posterior to the mouth (Fig. 4). This thickening of the lips con-
tinues to progress steadily and finally the lips become much more thickened 
within a few days. The thick lips are very clearly marked in Fig. 5, drawn 
from a specimen 11 days after hatching. 
GILLS 
According to Mookerjee (1945) the gill rudiments appear sixteen hours after 
fertilization. It has been noticed in the present investigation that the gills are 
fully formed on the second day after hatching when four pairs of gill-arches each 
with a double row of gill-filaments are present. The gills form a very delicate 
mass at this stage. The gill-rakers are not yet formed. The general appearance 
of gill-arch as seen on the third day after hatching is shown in Fig. 6. On the 
fifth day after hatching gill is a complete structure with the development of gill-
rakers in the form of minute tubular out-growths (Fig. 7). Further development 
in the ramification of the gill-filaments and the elongation of the tubular gill-
rakers continues as seen in Figs. 8, 9 and 10. Table I shows details of the deve-
lopment of gill-arches, gill-filaments and the gill-rakers durinng the first nineteen 
days after hatching. 
TABLE I 
Details of gill structure in the early fry of Catla catla 
Age in days No. of gill arches No. of gill-filaments No. of gill-rakers 
after hatching 
0 
1 
2 
3 
5 
7 
nil 
nil 
4 
4 
4 
4 
nil 
nil 
U 
10 
14 
23 
nil 
nil 
nil 
nil 
9 
30 
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TABLE I—Contd. 
Age in days No. of gill arches No. of gill-filaments No. of gill-rakers 
after hatching 
9 . 
11 . 
13 . 
15 . 
17 . 
19 . 
4 
4 
4 
4 
4 
4 
23—24 
22—23 
31—32 
30—31 
32 
31—33 
10 
10—13 
16—18 
17—21 
20—21 
19—21 
The gill-filaments and the gill-rakers increase rapidly in number and length 
with the increase in body length whereas the number of gill-arches remains con-
stantly 4. In a specimen of catla measuring 173 mm in length the gill-filaments 
had increased to 208 and the gill-rakers numbered 144. 
ALIMENTARY CANAL 
The alimentary canal starts functioning on the third day after hatching. At 
this stage it is, however, a straight tube-with its anterior end, immediately posterior 
to the oesophagus, much swollen. This straight tube like condition is very short 
lived and within two days, with increase in its length, it starts coiling to accom-
modate itself within the limited space of the body cavity. The mode of coiling 
of the alimentary tract is discussed in detail at a later stage in this paper. 
Length of gut and body leii;;th.~lhe hatchlings examined about 5 hours 
after hatching had no mouth and gut. At this stage the yolk-sac is the only 
source of nourishment to the newly hatched fry. A well defined mouth develops 
a day after hatching, but the yolk-sac still formed the only source of food to 
the larva and continued to be so during the second day after hatching also. It 
is on the third day after hatching that, for the first time, food organisms are seen 
in the gut indicating the beginning of intake of food from outside by the young 
fish. At this stage the gut is a short straight tube with an average length of 
3.4 mm against the average body length of 7.2 mm. This represents the first-
stage in the formation of the gut. Table II below gives the actual increase in 
the length of the alimentary canal and body during the first 19 days after 
hatching. 
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FIGS. 1-5—Stages in the development of mouth and lips in the larval and post-larv«l $ t » ^ 
of C. catla. 
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9 ^ trmn ^ 
Fios. 6-10—Succ«sSive Stages in tKe d«velc*pmeffl d gill structure iri the lairval and {Jost-iarval 
stages of C. catla. 
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From Table II it seems that there occurred very poor growth in the length 
of fry between 13 and 19 days of hatching. This was probably due to the heavy 
concentration of the fry in a restricted space resulting in the poor growth. 
The increase in body length is almost comparable to that of the alimentary 
canal which remained shorter than the body up to 19 days after hatching. The 
ratio of the length of alimentary canal to the body length on the third day of 
hatching was 0.472 and during the next sixteen days it increased only up to 
0.678. 
TABLE II 
Average length of body and alimentary canal during larval and post-larval stages of 
Cat! a catla 
Age in days after hatching Average body Average length Ratio of the len-
length in of alimentary gth of alimentary 
mm. ± S.D. canal in canal and body 
mm.iS.D. length 
0 
1 
2 
3 
5 
7 
9 
11 
13 
15 
17 
19 
5.2±0.2372 
6.5±0.1466 
6.0±0.3000 
7.2±0.1888 
7.9i:0.1000 
11.3±0.4715 
12.2±0-2359 
13.7±0.2359 
16.5±0.3497 
16.3±0.9429 
15.8±0.2359 
16.5±0.5282 
3.0* 
3.0* 
3.0* 
3.4±0.1251 
3.6 
5.3±0.4715 
7.9 
8.0±0.8165 
10.0±0.8165 
10.3±2.0548 
10.2± 1.6477 
I1.2±0.2359 
0.576 
0.461 
0.500 
0.472 
0.455 
0.469 
0.573 
0.583 
0.606 
0.631 
0.645 
0.678 
*Up to these stages, the gut is not fully formed and the yolk-sac persists. 
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In a 24.0 mm long catla fry the gut length/body length ratio was observed 
to be 1.0. This short intestine, typical of a carnivore, rapidly increases in length 
thereafter at a much faster rate than the body getting deeply and repeatedly coiled 
during the process of lengthening. The ratio of the alimentary canal to the body 
length progressively increases in catla as the fish grows. Table III shows the 
ratio of the alimentary canal to the body length of catla ranging in total length from 
19—173 mm. 
TABLE III 
Ratio of the alimentary canal and the body length in various stages o/Catla catla 
Body length in mm. Length of a limen- Ra tio of the length 
tary canal in mm. of alimentary canal 
and body length 
19 
24 
35 
41 
50 
68 
90 
120 
173 
18 
24 
50 
70 
120 
237 
395 
655 
095 
0.947 
1.000 
1.428 
1.707 
2.400 
3.382 
4.388 
5.458 
6.329 
Nature of soiling.—The alimentary canal of catla on the third day after 
hatching is a straight tube and represents the first stage of its development 
(Fig. 11 A). It is just formed at this stage and starts functioning. Posterior to 
the oesophagus it increases in diameter forming an intestinal swelling as in all 
other Cyprinids so far described by various authors. Al-Hussaini (1949) studying 
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Fios. 11 A-E—Mode of coiling of alimentary canal in the early fry of C. calla. 
the functional morphology of the alimentary tract of Cyprinus carpto, Rutilus 
rutiliis and Gobio gobio observed that all the three species are stomachless. 
The loss of food holding capacity of the stomach is compensated by the swelling 
of the first limb of the intestine. This straight tube like condition of the alimen-
tary canal remains unchanged till the fifth day after hatching. On the seventh day 
after hatching, the gut forms a sharp bend towards the left immediately after 
the swollen portion when viewed from the dorsal side and after slightly pfoceedihg 
forwards it turns caudally, narrows down and terminates at the anus. In certain 
specimens of the same age this initial bending of the alimentary canal is not so 
well marked in the sense that the loop fdrerunner of the siphonal loop, does not 
proceed forwards but after a sharp turning towards left it again proceeds caudally 
afld tefmiiiatcs at the anus (Fig. II B,C). Both these Cdflditibns represent fhd 
second stage of coiling of the intestine in catla fry. In the third stage Of coilmg 
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(Fig. U D) observed on the ninth day, the siphonal loop proceeds further forward!. 
almost to the middle of the first limb before it turns caudally. On the eleventh 
day after hatching the distal limb of siphonal loop reaches as far forward* as 
the transverse septum before it turns caudally once more and touring on the left 
of the siphonal loop, terminates at the anus (Fig. 11 E). This stage, representing 
the fourth stage, has the first limb placed dorsally to the second and the third 
limb? when viewed from above. The fifth stage of coiling, observed in the 
specimens collected on the thirteenth day after hatching, was marked by a slight 
invagination in the third limb towards the second, just about its mid-point, and 
as a result the bend gets a slight upward tilt (Fig. 11 F). The sixth stage observed 
on the nineteenth day after hatching shows a further deepening of the invagination 
in the third limb resulting in pushing the second limb closer to the first (Fig. 11 G). 
The gradual increase in the mode of coiling of the alimentary canal as it 
increases in length is given in Table IV, It is evident from the table that as 
the coiling starts and second stage is attained there is an appreciable increase 
in the gut length (56.9%), and when the later stages are forming the gut length 
increases slowly and ultimately becomes 67.8% of the body length when the sixth 
stage of coiling is reached on the 19th day after hatching. 
The alimentary canal becomes much more coiled as it increases rapidly in 
length with further increase in body length as described already. From Plate III, 
showing the general pattern of intestinal coiling in an adult catla measuring 
516 mm in length it is evident that the alimentary canal appears lUte a circular 
mass of coiled tubes of almost uniform diameter. 
FOOD 
It was observed that the catla hatchling commenced ingesting food from its 
habitat for the first time on the third day after hatching, subsisting on yolk for 
fee initial two days. The initial external feed was predominantly zooplanktonic 
(90%) and only a small quantity of phytoplanktonic organisms (10%) was encoun-
t«c«i m the gut contents. Among the zooplanktonic feed the rotifers were tiie 
chief items though a few nauplii were also taken along with them. Microcystis 
WM the only phytoplanktonic organism present. 
After the commencement of initial feeding from the environment the percent-
age composition of the natural food consumed by catla fry was observed to be 
increasingly zooplanktonic as shown in Table IV. The detailed examination of 
&e gut contents showed that apart from the initial feed which was doouBated 
by rotifers, the zooplanktonic part of the feed was dooninated by dadocerans Vft to 
the seventh day and from the ninth day onwards till the end of this study on the 
nineteenth day, the copepods formed the main items of feed together with • 
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small proportion of cladocerans, rotifers and nauplii. The phytoplanktonic pro-
portion remained extremely negligible in the gut contents throughout the course 
of the study as is evident from Table IV. 
TABLE IV 
A verage body length and stages of coiling of the alimentary canal, and the food 
consumed by larval and post-larval stages o/Catla catla 
Age in 
days 
after 
hatching 
3 
5 
7 
9 
11 
13 
15 
17 
19 
Average Average 
body gut 
length length 
in mm. in mm. 
7.2 
7.9 
11.3 
12.2 
13.7 
16.5 
16.3 
15.8 
16.5 
3.4 
3.6 
5.3 
7.0 
8.0 
10.0 
10.3 
10.2 
11.2 
Gut 
length 
(%in 
total 
length) 
47.2 
45.5 
56.9 
57.3 
58.3 
60.6 
63.1 
64.5 
67.8 
Food 
Coiling 
stages of Phy-
alimen- to 
tary plan-
canal kton 
I 
I 
11 
III 
IV 
V 
V 
V 
VI 
10 
1 
1 
5 
nil 
1 
4 
nil 
nil 
in % 
Zoo-
plan-
kton 
90 
99 
99 
95 
100 
99 
96 
100 
100 
Remarks 
Rotifers dominant 
Cladocerans „ 
)> 
Copepods dominant 
> j 
) j 
?5 
J ) 
}> 
The gut analysis of catla fingerlings measuring 35.0 mm and 41.0 mm and 
also that of an adult catla measuring 516.0 mm show a dominant proportion of 
copepods alongwith small quantities of cladocerans, rotifers, nauplii and traces of 
phytoplanktonic organisms. Apart from the above stated organisms in the guts 
of catla fingerlings measuring 35.0 mm, a coleopteran larva was observed among 
the items of food which Vv'as found occurring more consistently in the gut content^ 
oi Labeo rohita fry and fingerlings (Kamla, loc cit). 
DISCUSSION 
Chacko and Kuriyan (1948) observed that the yolk-sac gets completely 
absorbed at the end of the second day. It is on the third day that the alimentary 
canal is completed and the fry starts taking external food, although the gill-
rakers are not yet formed indicating that at least at this stage the fry does .not 
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require them in tiie selection of its food and probably feeds by sight, as also 
reported by Mookerjee and Ganguly (1948). Aiikunhi (1958) observed that carp 
fry distinguish the desirable from the undesirable items of food and, therefore, 
feeding is deliberate and selective. Although the gill-filaments and the gill-rakers 
increase in number rapidly within a few days of hatching the gill-rakers remain 
as small tubercles and grow slowly in length so that they do not seem to play 
an important role in the selection of food at least during the first 19 days after 
hatching. The feeding might also be possible by contact as has been suggested 
by Aiikunhi (1958) when he observed the carp fry feeding in darkness though 
to a limited extent. As in a typical sight feeder, the catla fry also is characterised 
by the possession of large eyes and big mouth and the absence of barbels at 
this early stage. Nikolsky (1963) states that in the majority of fishes, in the 
earlier stages of development when they feed on plankton, the eyes and the organs 
of lateral line play the major part in orientation towards food. 
The growth in the body length and in the length of the alimentary canal has 
been observed to be almost isometric in the first 19 days of hatching whereas in 
later stages, as the fish grows, the rate of increase of the gut is much faster. 
The length of the digestive tract is closely related to the type of food. Nikolsky 
(1963) observed that among the fishes which have no stomach (Cyprinoides), the 
intestine comprises less than 100% of the body length in carnivores, and more 
than 100% of the body length in herbivores. The relative length of the alimen-
tary canal in the specimens of catla fry examined up to 19 days after hatching 
is less than 100"', of the body length and varies between 47.2% and 67.8% only. 
In a specimen of catla fingerling measuring 24.0 mm the gut is found to be exactly 
equal to that of the body length (100'!,,). In bigger specimens of catla the length 
of the gut has become more than 100% of the length of the body. 
The alimentary canal, when initially formed, is a straight tube and remains 
so up to the fifth day after hatching, when it starts coiling at a very slow pace 
and during the next fourteen days attains the sixth stage. 
Mookerjee (1945) observed catla fry of 5—10 mm length taking minute 
unicellular algae as their food, and those ranging from 1-2 cm in length con-
suming protozoa of various nature. Mitra and Mohapatra (1956) observed that a 
diet of zooplankton consisting of minute organisms, is essential for the proper 
nutrition of carp fry and the occurrence of phytoplankton blooms produce detri-
mental results. Aiikunhi (1957) reporsed that the young ones of catla, from the 
time they begin feeding until they reach a length of about 15 to 20 mm, feed 
almost exclusively on water-fleas and other animalcules in the water. After 
that stage they are probably capable of making use also of microscopic plants 
floating in the water, though at all stages water-fleas and other animalcules in 
the water constitute an important item of food. Catla fry from the time it starts 
taking external food shows a dominant percentage of the zooplanktonic organisms 
(90%) in its gut contents and maintains the preference for such a diet as its 
49—lDCM/FRI/67 
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basic food in an increasing manner till it takes 100% zooplankton on the 
seventeenth and nineteenth day after hatching. It is interesting to note that on 
the day it starts feeding rotifers dominate the feed, then the preference is switched 
over to the cladocerans till the seventh day. From the ninth day onwards the 
copepods are the predominant constituents of the gut contents. Apart from the 
debris, which is found in considerable quantities in the later stages, the copepods 
remain the dominant item of food up to the adult stage. 
Al-Hussaini (1947 b) working on Red-sea fishes considered the shortness of 
the gut as one of the characters of the carnivorous fishes. Verigin (1950) observed 
in the larvae of HypopthalmichtJiys molitnx which feed on zooplankton that the 
intestine is short, comprising less than 100% of the body length, while in the 
adult, it is fifteen times as long as the body. The predominantly zooplanktonic 
diet of catla is probably the cause of the shortness of its alimentary canal (less than 
100%) in the early phase of its larval and post-larval history. In the fingerlings 
and adult stage although zooplankton continue to dominate the feed, appreciable 
quantities of debris and vegetable matter are also encountered. As a result of 
this mixed type of feeding the relative length of the alimentary canal increases 
and becomes more than 100% of the body length. 
SUMMARY 
1. The newly hatched larva has no mouth, gills and the gut. The invagi-
nation representing mouth is lateral in position and below the eye. 
2. Mouth is formed one day after hatching and moves upwards thereafter. 
3. Lips start thickening on the second after hatching when the gills are also 
formed. 
4. The alimentary canal is completely formed on the third day after hatch-
ing when the fry starts taking external food. 
5. Gill-rakers are formed on the fifth day after hatching and do not seem 
to play an important part in the selection of food at this stage. 
6. The alimentary canal remains a straight tube up to the fifth day. Six 
stages of coiling are described in the alimentary canal which have been 
attained between the 5th and the 19th day after hatching. 
7. The alimentary canal remains shorter than the length of the body up to 
the nineteenth day (less than 100%) but later becomes longer than the 
body (more than 100%). 
8. Catla almost exclusively feeds on zooplankton in early stages and later 
on takes a mixed diet. Initially it prefers rotifers, then cladocerans and 
in later stages copepods form the most desired item of food. 
, , 1 - \ 1 
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require them in the selection of its food and probably feeds by sight, as also 
reported by Mookerjee and Ganguly (1948). Alikunhi (1958) observed that carp 
fry distinguish the des-rable from the undesirable items of food and, therefore, 
feeding is deHberate and selective. Although the gill-filaments and the gill-rakers 
increase in number rapidly within a few days of hatching the gill-rakers remain 
as small tubercles and grow slowly in length so that they do not seem to play 
an important role in the selection of food at least during the first 19 days after 
hatching. The feeding might also be possible by contact as has been suggested 
by Alikunhi (1958) when he observed the carp fry feeding in darkness though 
to a limited extent. As in a typical sight feeder, the catla fry also is characterised 
by the possession of large eyes and big mouth and the absence of barbels at 
this early stage. Nikolsky (1963) states that in the majority of fishes, in the 
earlier stages of development when they feed on plankton, the eyes and the organs 
of lateral line play the major part in orientation towards food. 
The growth in the body length and in the length of the alimentary canal has 
been observed to be almost isometric in the first 19 days of hatching whereas in 
later stages, as the fish grows, the rate of increase of the gut is much faster. 
The length of the digestive tract is closely related to the type of food. Nikolsky 
(1963) observed that among the fishes which have no stomach (Cyprinoides), the 
intestine comprises less than 100% of the body length in carnivores, and more 
than 100% of the body length in herbivores. The relative length of the alimen-
tary canal in the specimens of catla fry examined up to 19 days after hatching 
is less than 100". of the body length and varies between 47.2% and 67.8% only. 
In a specimen of catla fingerling measuring 24.0 mm the gut is found to be exactly 
equal to that of the body length (100%). In bigger specimens of catla the length 
of the gut has become more than 100%, of the length of the body. 
The alimentary canal, when initially formed, is a straight tube and remains 
so up to the fifth day after hatching, when it starts coiling at a very slow pace 
and during the next fourteen days attains the sixth stage. 
Mookerjee (1945) observed catla fry of 5—10 mm length taking minute 
unicellular algae as their food, and those ranging from 1-2 cm in length con-
suming protozoa of various nature. Mitra and Mohapatra (1956) observed that a 
diet of zooplankton consisting of minute organisms, is essential for the proper 
nutrition of carp fry and the occurrence of phytoplankton blooms produce detri-
mental results. Alikunhi (1957) reported that the young ones of catla, from the 
time they begin feeding until they reach a length of about 15 to 20 mm, feed 
almost exclusively on water-fleas and other animalcules in the water. After 
that stage they are probably capable of making use also of microscopic plants 
floating in the water, though at all stages water-fleas and other animalcules in 
the water constitute an important item of food. Catla fry from the time it starts 
taking external food shows a dominant percentage of- the zooplanktonic organisms 
(90%) in its gut contents and maintains the preference for such a diet as its 
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basic food in an increasing manner till it takes 100% zooplankton on the 
seventeenth and nineteenth day after hatching. It is interesting to note that on 
the day it starts feeding rotifers dominate the feed, then the preference is switched 
over to the cladocerans till the seventh day. From the ninth day onwards the 
copepods are the predominant constituents of the gut contents. Apart from the 
debris, which is found in considerable quantities in the later stages, the copepods 
remain the dominant item of food up to the adult stage. 
Al-Hussaini (1947 b) working on Red-sea fishes considered the shortness of 
the gut as one of the characters of the carnivorous fishes. Verigin (1950) observed 
in the larvae of Hypopthalmichthys molitrix which feed on zooplankton that the 
intestine is short, comprising less than 100% of the body length, while in the 
adult, it is fifteen times as long as the body. The predominantly zooplanktonic 
diet of catla is probably the cause of the shortness of its alimentary canal (less than 
100%) in the early phase of its larval and post-larval history. In the fingerlings 
and adult stage although zooplankton continue to dominate the feed, appreciable 
quantities of debris and vegetable matter are also encountered. As a result of 
this mixed type of feeding the relative length of the alimentary canal increases 
and becomes more than 100% of the body length. 
SUMMARY 
1. The newly hatched larva has no mouth, gills and the gut. The invagi-
nation representing mouth is lateral in position and below the eye. 
2. Mouth is formed one day after hatching and moves upwards thereafter. 
3. Lips start thickening on the second after hatching when the gills are also 
formed. 
4. The alimentary canal is completely formed on the third day after hatch-
ing when the fry starts taking external food. 
5. Gill-rakers are formed on the fifth day after hatching and do not seem 
to play an important part in the selection of food at this stage. 
6. The alimentary canal remains a straight tube up to the fifth day. Six 
stages of coiling are described in the alimentary canal which have been 
attained between the 5th and the 19th day after hatching. 
7. The alimentary canal remains shorter than the length of the body up to 
the nineteenth day (less than 100%) but later becomes longer than the 
body (more than 100%). 
8. Catla almost exclusively feeds on zooplankton in early stages and later 
on takes a mixed diet. Initially it prefers rotifers, then cladocerans and 
in later stages copepods form the most desired item of food. 
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INTRODUCTION 
THE present communication, dealing with the food consumed and the differentia-
tion of the alimentary canal and associated structures in Labeo rohita and 
Cirrhina mrigala form the second and third parts in the series of studies on the 
food and alimentary canal of the Indian major carps. The usefulness of the study, 
details regarding the material that formed the basis of these investigations and the 
methods adopted for the study have been discussed in detail in the earlier paper 
(Kamal, 1967). 
II. LABEO ROHITA (HAM.) 
OBSERVATIONS 
Mouth and Lips 
The mouth in the larvae at the time of hatching, is in the form of a small 
notch just above the yolk-sac and is closed (Fig. lA). The notch deepens and the 
mouth opens for respiration one day after hatching. At this stage, it possesses 
very thin and delicate margins and is almost facing the eyes when viewed laterally 
(Fig. IB). On the second day after hatching the mouth moves upwards, assuming 
a perfect anterior position and the eyes become posterior to the mouth (Fig. 1C). 
It is on the fifth day after hatching that the margins of the mouth develop 
thickenings, which form the lips (Fig. ID). These lips gradually become more 
and more pronounced and start becoming fringed on the thirteenth day after ha-
tching. By this time a pair of minute barbels also develop below the lips one on 
either side of the mouth (Fig. IE), though Mookerjee (1945) reported the appear-
ance of barbels in the third week after hatching. The growth of the barbels and 
the lips continues till the barbels develop into stout projections and the lips be-
come much thickened and fringed on the nineteenth day after hatching (Fig. IF). 
J Present address: Central Inland Fisheries Research Sub-station, Mithapur, Patna. 
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The lower lip is much more thickened and fringed than the upper Up and is some-
what projected downwards. 
1 m« 
I w r 
t mm 
FIG. 1. Stages in the development of mouth and lips in the larval and post-larval stages 
of L. whit a. 
Gills 
Mookerjee (1945) recorded the appearance of gill rudiments 15 hours and 
50 minutes after fertilization. During the present investigation, although the thin 
and fibrous gill-arches were visible one day after hatching, they were not fully de-
veloped until the second day, when four pairs of these were clearly formed, each 
with a double row of gill filaments but without gill-rakers. The gills form very 
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delicate structures at this stage and the general appearance of a gill-arch as obser-
ved on the third day after hatching is shown in Fig. 2 G. The formation of the gill-
arch is completed on the fifth day with the appearance of minute tubular gill-rakers 
which soon begin to elongate as the fry grows in length. Fig. 2 H shows the con-
dition of the gill-arch, as seen on the seventh day after hatching. With the gro-
wing size of the fry there is a corresponding increase in the number and size of gill-
filaments and gill-rakers as shown in Fig. 2 I, J, K. Table 1 gives details of the 
development of gill-arches, gill-filaments and the gill-rakers during the initial 19 
days of life of the rohu fry after hatching. 
Imm 
FIG. 2. Successive stages in the development of gill structure in the larval and post-larval 
stages of L. rohita. 
Fins 
In the fry of rohu a day after hatching the median fin-folds are continuous 
around the tail. The continuity of the ventral fin-fold is broken by a notch above 
the anal aperture, which is represented by a small depression in the body wall 
at this stage. The region of the caudal fin is marked by fine striations. On the 
third day after hatching these striations can be seen in the median fin-folds as well 
and the pectoral fins have developed. 
FOOD AND ALIMENTARY CANAL OF MAJOR CARPS 2 7 
TABLE 1. Gill structure in the early fry ofL. rohita. 
Age in days 
0 
1 
2 
3 
5 
7 
9 
13 
15 
17 
19 
Number of gill-
arches 
— 
4 
4 
4 
4 
4 
4 
4 
4 
4 
Number of gill-
filaments 
— 
11 
11 
13 
13—15 
19—21 
23—24 
24—25 
33—35 
35 
Number of gill-
rakers 
— 
__ 
— 
10—11 
10-11 
10* 
13—14 
15 
20—21 
21 
* In the few specimens examined only 10 gill-rafcers were observed, but it is obvious that in 
some others it could be 11 or more. 
The dorsal fin, on the seventh day after hatching, is not complete but pos-
sesses only eight rays. The median fin-folds are still continuous with the caudal 
fin, the anal fin is forming, the ventral fins have not yet been formed and the pec-
torals are devoid of any ray as yet. 
On the ninth day after hatching, the fry is equipped with all the fins, though 
still not fully developed. Mookerjee (1945) reported the appearance of the dor-
sal fin rudiment on the eighth day after hatching, whereas during the present in-
vestigation, as mentioned above, the dorsal fin was found to have developed on 
the seventh day and was already having a few fin rays. Similarly, Mookerjee 
(1945) reported the appearance of pelvic and anal fin rudiments on the eighteenth 
and twelfth days respectively, whereas they were found on the ninth and seventh 
days respectively during the present investigation. 
Alimentary Canal 
Although the intestine had been formed on the second day no external fee-
ding was seen till the third day after hatching, indicating thereby that the alimen-
tary canal was not yet functionally complete and the yolk-sac persisted in a thin 
and elongated form. The alimentary canal was observed to be functionally comp-
lete on the fifth day after hatching. As the specimens on the fourth day could not 
be examined, it is possible that the alimentary canal had become functional at 
this stage. On the fifth day after hatching, the alimentary canal is a straight tube 
having a swollen part immediately behind the oesophagus. Das and Moitra 
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(1956 b) observed that the oesophagus, on entering the body cavity, expands into 
a thick-walled intestinal bulb. Sarabahi (1939) reported that a true stomach, 
comparable to that of other bony fishes, is absent in Labeo rohita and is repla-
ced by the swelling of the first limb of the intestine, known as the intestinal bulb. 
The straight tube-like alimentary canal starts coiling from the sixth day after hat-
ching as it increases in length and has to accommodate itself within the limited space 
of the body cavity. The mode of coiling of the alimentary canal has been discus-
sed in detail in a later section {vide infra). 
Length of gut and body length— On the fifth day after hatching the alimen-
tary canal of the larva averages 3.3 mm in length, as against its average body length 
of 6.9 mm. This is the first stage in the formation of gut in the rohu fry. The 
actual increase in length of the fry and its alimentary canal during the first nineteen 
days after hatching is shown in Table 2. 
The gut of young rohu fry suggests their carnivorous habit since it is shor-
ter than the body up to the fifteenth day after hatching. Thereafter, it increases 
in length at a faster rate than the body and gets profusely coiled during the process. 
The ratio between the alimentary canal and body lengths increases progressively 
with the growth of the fish, as shown in Table 3. 
TABLE 2. Average body and alimentary canal lengths {in mm) in the larvae and 
post-larvae ofL. rohita. 
Age in days 
0 
1 
2 
3 
5 
7 
9 
13 
15 
17 
19 
Average body 
length 
4.3 
5.2 
5.8 
6.0 
6.9 
9.0 
12.5 
14.2 
14.8 
19.0 
19.0 
S,D. 
0.2449 
0.4092 
0.2498 
0.1356 
0.0866 
0.8160 
0.6659 
0.2358 
0.2358 
0.7071 
Average length 
of alimentary 
canal 
3.0* 
3.0* 
3.0* 
3.0* 
3.3 
4.0 
7.0 
10.7 
11.8 
26.3 
24.0 
S.D. 
0.0433 
0.7071 
0.4715 
0.2429 
3.8694 
Ratio of the length 
of alimentary canal 
to body length 
0.714 
0.576 
0.517 
0.500 
0.471 
0.444 
0.560 
0.753 
0.797 
1.384 
1.263 
* In these stages the gut is not functionally complete and the yolk-sac persists. 
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TABLE 3. Ratio between the alimentary canal length and body length at various 
sizes of Labeo rohita. 
Body length in mm Length of the aUmentary Ratio of the length of 
canal in mm alimentary canal to body 
length 
35 173 4.94 
47 322 6.85 
61 533 8.74 
85 745 8.76 
100 973 9.73 
105 1096 10.43 
110 1203 10.94 
Nature of, coiling— In the young fry of L. rohita, the alimentary canal is a 
straight tube on the fifth day after hatching, representing the first stage in its deve-
lopment (Fig. 3 L). As in catla (Kamal, 1967), immediately posterior to the oeso-
phagus, the alimentary canal increases in diameter forming an intestinal swelling, 
also known as the intestinal bulb (Sarabahi, 1939). The absence of a stomach, 
resulting in the loss of food-holding capacity, is compensated by such a swelling 
as reported by Al-Hussaini (1949) in the case of Cyprinus carpio, Rutilus rutilus 
and Gobio gobio while studying the functional morphology of their alimentary 
tracts and by Sarabahi (1939) while studying the alimentary canal of L. rohita. On 
the seventh day after hatching a change in form of the alimentary canal occurs, 
caused by a slight bend towards the left in the region immediately following the 
swollen portion when viewed dorsally. This loop, a fore-runner of the siphonal 
loop, again proceeds caudally and terminates at the anus (Fig. 3 M), representing 
Ihe second stage of coiling. The coiling progresses substantially by the ninth day; 
the bend towards the left becomes very sharp and the siphonal loop proceeds for-
wards. In certain cases the distal end of the siphonal loop reaches up to the middle 
of the first limb before it turns caudally (third stage); in other specimens of the 
same age it reaches as far forwards as the transverse septum before it turns caudally 
(fourth stage), narrows down, and after running on the left of the siphonal loop, 
terminates at the anus (Fig. 3 N, O). When viewed from above the first limb is 
situated dorsally to the second and third, as reported earlier by Das and Moitra 
(1956). Further development in the intestinal coiling is observed on the thirteenth 
day after hatching. This is marked by the appearance of an invagination in the 
third limb very close to the point where it meets the second limb. As a result of 
this the second limb is pushed closer to the first towards its distal end and the 
bend between the second and third limbs turns towards the left (Fig. 3 P). In 
some specimens this bend is found projecting downwards due to the deepening 
30 M. YUSUF KAMAL 
of the invagination in the third hmb (Fig. 3 Q). These two stages represent the 
fifth and sixth stages of coiling, respectively. The seventh stage, observed on the 
fifteenth day, is characterized by further deepening of the invagination in the third 
P f 0 T 
FIG. 3. Mode of coiling of the alimentary canal in the early fry of L. rohita. 
limb and by the backward projection of the above bend (Fig. 3 R). On the seventh 
day, the alimentary coiling is much advanced and the beginning of a complex system 
of coils is apparent. The continued invagination in the third limb causes the 
middle regions of the 2nd and 3rd limbs to cross over the 1st limb and to occupy 
a position on its right. This represents the eighth stage in the coiling of the ali-
mentary tract (Fig. 3 S). The ninth stage, as observed on the nineteenth day, is not 
more advanced than the previous condition, but is simply characterized by the elon-
gation of the bend between the second and third limbs and its projection in the 
space caused by the pushing of the second and third limbs towards the right (Fig. 
3 T). The ultimate complex nature of alimental coiling in an adult rohu measu-
ring 490 mm in length is shown in Plate I. 
Food 
At the time of hatching, the larvae possess neither a mouth nor the gut and 
obtain their nourishment from the yolk-sac. The mouth develops a day after 
hatching, but it takes a couple of days for it to become functionally adapted for 
gulping in the food items from the water. Till then the yolk-sac remains the only 
source of nourishment for the young fry. 
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Food items are noticed for the first time in the gut of rohu fry on the 5th 
day after hatching. It is possible that the intake of external food starts on the 
fourth day itself, but this could not be verified during the current investigation. 
This initial intake of external food has been found to be predominantly zooplank-
tonic (90%) as in catla (Kamal, 1967) and the phytoplanktonic contents are very 
low (10%). The zooplanktonic content of the feed consists mainly of cladocerans, 
supplemented with copepods and insect larvae. The occurrence of insect larvae, 
represented by coleopteran larvae, from this early stage onwards in the fry and 
fingerlings of Labeo rohita has been reported by Kamal (1966). The phytoplank-
tonic part of the feed is represented by Microcystis. The preference for zooplank-
ton is too well marked as the fry grows bigger. During the present investigation, 
phytoplanktonic elements were encountered in the feed on the ninth day for the 
second and last time, after which the gut contents consisted entirely of zooplank-
ton (Table 4). Detailed examination of the gut contents has established that 
apart from the initial feed on the fifth day when cladocerans formed the chief item 
of food, the copepods dominated the food items in the gut from the seventh till 
the nineteenth day after hatching, with only comparatively small quantities of 
cladocerans, insect larvae, rotifers and nauplii (Table 4). 
TABLE 4. A verage body and gut lengths, coiling stages of alimentary canal and the 
food consumed by the larval and post-larval stages of Labeo rohita. 
Age 
m 
days 
5 
7 
9 
13 
15 
17 
19 
Body 
length 
in 
mm 
6.9 
9.0 
12.5 
14.2 
14.8 
19.0 
19.0 
* Total length 
Gut Gut 
length length 
in %in 
mm 
3.3 
4.0 
7.0 
10.7 
11.8 
26.3 
24.0 
T.L.* 
47.1 
44.4 
56.0 
75.3 
79.7 
138.4 
126.3 
Coiling 
stages 
of the gut 
I 
II 
III & IV 
V&VI 
VII 
VIII 
IX 
Food in % 
Phyto-
plankton 
10 
Nil 
5 
Nil 
Nil 
Nil 
Nil 
Zoo-
plankton 
90 
100 
95 
100 
100 
100 
100 
Remarks 
Cladocerans 
dominant 
Copepods 
dominant 
j » 
JS 
3 ? 
5 9 
5 ) 
Coleopteran larvae were found to constitute the main feed (60 %) of a spe-
cimen measuring 35.0 mm, along with appreciable quantities of debris and a few 
diatoms, whereas in another specimen measuring 40.5 mm in length, debris was 
observed to be the dominant part of the gut contents (85 %), along with a few cole-
opteran larvae and Navicula. 
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DISCUSSION 
The newly hatched larvae have no mouth and eyes and their average length 
is 4.3 mm. Mookerjee (1945) recorded the length of the newly hatched larvae as 
ranging from 3.5 to 4.5 mm. A day after hatching, the mouth and the eyes come 
into being and thin and fibrous gill-arches appear. The intestine is formed on the 
second day, but no external feeding is evident and the fry is nourished by the yolk-
sac till the third day after hatching. External feeding as evidenced by the presence 
of planktonic organisms is noticed on the fifth day. The gill-rakers are just forming 
and, being minute structures, they do not seem to play any important part in the 
selection of food organisms. Das and Moitra (1956 i ) suggested that in L. rohita 
the usual method of obtaining the food is by sight, but that these fishes are 
capable of occasionally resorting to filter feeding, a mode of feeding normal in 
young stage. Alikunhi (1957) observed that the structure of the gill-rakers in rohu 
is such that they are not adapted to filtering minute planktonic organisms. 
Alikunhi (1958) found the carp fry distinguishing the desirable from undesirable 
items of food and, therefore, concluded that feeding is deliberate and selective. He 
further suggested the possibility of feeding among carp fry by contact as evidenced 
by their limited feeding in darkness. Mookerjee and Ganguly (1948) classified L. 
rohita as a member of taste-feeding type. As in catla (Kamal, 1967), the develop-
ment of gill-rakers in rohu is slow and this would support the view that they are 
not of much help in the selection of food. In keeping with the taste-feeding 
nature, the fry of L. rohita are characterized by an early development of thick and 
fimbriated lips and a pair of barbels. According to Nikolsky (1963) the eyes and 
organs of lateral line in the early developmental stages of a majority of fishes 
are instrumental in orientation towards their planktonic food. 
The increase in total length of the fry and in the length of the alimentary 
canal is almost isometric till the seventh day after hatching. Thereafter, the increase 
in the gut length is more as compared to that of the body length, and the length 
of the alimentary canal, which is less than 50 % of the body length when initially 
formed (indicating carnivorous character), becomes more than 100% on the seven-
teenth day (indicating herbivorous character). The rohu fry are observed to be 
dominantly zooplankton feeders during the first nineteen days of their life. 
Mookerjee (1945) recorded that rohu fry measuring 5-10 mm in length feed on 
minute unicellular algae, while those measuring 10-20 mm in length take 
protozoans of various kinds as their food. Mitra and Mohapatra (1956) stres-
sed the necessity of zooplanktonic diet for the proper nutrition of carp fry and 
observed that phytoplanktonic blooms produced detrimental results. Alikunhi 
(1957) has observed that in bigger specimens of rohu, waterfleas and other animal-
cules are rarely found in the consumed food while considerable quantities of 
bottom sand and mud, vegetable debris or decaying leaves of aquatic plants, plank-
tonic algae, etc. constitute the stomach contents. But, as in the catla, the young 
ones commence feeding on waterfleas and animalcules. During the present inve-
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Photograph of fully developed alimentary canal of L. rohita, 
showing the pattern of coiling. 
Facing p. 32 
Indian J. Fish., Vol. 14 M. YUSUF KAMAL, PLATt II 
Photograph of the alimentary canal of C. mrigala, showing the 
Coiling pattern in an adult. 
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stigation it was noticed that the rohu fry, when they began taking external food, 
consumed more of zooplankton (90%), and as in catla (Kamal, 1967), showed a 
hking for animal food in an increasing degree in subsequent days. As is evident 
from Table 4, from the thirteenth to the nineteenth day they consumed nothing 
but zooplankton (100%). The initial feed on the fifth day was dominated by 
cladocerans, whereas from the seventh to the nineteenth day copepods were pre-
ferred. Apart from cladocerans and copepods, beetle larvae were found to be of 
consistent occurrence in considerable quantities, along with small quantities of 
rotifers and nauplii (Kamal, 1966). Microcystis was the only phytoplanktonic 
item recorded from the gut contents on two occasions during the first nineteen days. 
Later on, while feeding predominantly on vegetable matter and debris (Mookerjee, 
1945; Alikunhi, 1957), the gut length increases at a much faster rate, as evidenced 
by the fact that in a specimen measuring 35.0 mm the gut is about 5 times the body 
length and becomes about 11 times the body length in a specimen measuring 110 
mm (Table 3). Das and Moitra (1955 and 1956) classified L. rohita among her-
bivorous fishes and stated that the relative length of the gut is about 12. 
III. CIRRHINA MRIGALA (HAM.) 
OBSERVATIONS 
To start with, before going to the details of differentiation of the alimentary 
canal and its associated structures, a brief description is given of the general struc-
ture of the mrigal hatchling, in order to facihtate easy identification of hatchlings 
collected from the riverine environment, specially since some points of difference 
were noticed from the earlier published account. 
Hatchlings 
According to Khan (1943) the length of the newly hatched embryo ranges 
from 3.8 to 4.0 mm. But during the present investigations, the hatchlings were 
found to range from 5.0 to 6.0 mm in total length with an average of 5.6 mm, with-
in about five hours after hatching. As can be seen from Fig. 1 A, which shows 
the lateral aspect of the head region of mrigal hatchling, the mouth is not yet open 
and is represented by only a depression inside the outer membrane and just in 
level with the posterior curvature of the eye and above the much swollen anterior 
end of the yolk-sac. The eyes are round and devoid of pigmentation. 
One day after hatching, the eyes are observed to be well developed and the 
mouth is formed (Fig. 4 B), the yolk-sac becomes narrow and the gills are well 
developed. Khan {op. cit.) observed the gills in the form of tubular outgrowths 
by the end of the first day, i.e. 24 hours after hatching, and recorded the length of 
the embryo at this stage at 5.6 mm. The hatchlings in the present case, one day 
after hatching, were observed to have an average body length of 6.9 mm, ranging 
from 6.5 to 7.0 mm. Khan (op. cit.) has further observed that the mouth opens 
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for respiration on the second day after hatching, when the embryo measures 5.8 
mm in length. The average length of the hatchlings, during the course of the 
present investigations, was found to be 7.4 mm, 7.9 mm and 9.2 mm respectively 
on the third, fourth and fifth days. 
In the newly hatched young ones of mrigal the embryonic fin-folds are con-
tinuous around the tail end. The dorsal fin-fold is faintly striated. Khan {op. cit.) 
observed that in 11 hours after hatching the pectoral fins appear as bud-like out-
growths ; 4 hours later the pectoral fins are clearly marked and 24 hours after hatc-
hing they are well developed. Pectorals have been found developed one day after 
hatching, thus confirming the above stated observations of Khan {op. cit.), but at 
this stage they are devoid of fin rays. Caudal is prominently striated. In the 
case of rohu, the pectorals develop as late as on the third day. 
On the sixth day after hatching, the baby fish is equipped with all the fins 
though still in an early stage of development, as against a similar condition being 
achieved in rohu on 9th day. At this stage the fin rays can be seen only in the 
dorsal and caudal fins and in some specimens in the anal fin too. Dorsal and 
caudal fins possess 13 and 18 fin rays respectively, whereas 6 fin rays can be seen in 
the anal, though not well developed. On the other hand, Khan {op. cit.) could 
observe only 4 dorsal rays and 17-20 caudal rays on the seventh day. 
The number of rays in the various fins of young fry of mrigal from 6th to 
17th day after hatching is shown in Table 5. 
It is evident from the table that on the seventeenth day after hatching, the 
mrigal fry has attained a condition very similar to that of an adult in regard to the 
number of fin rays. 
TABLE 5. Details of fin ray formation in various fins ofC. mrigala. 
Age in days 
6 
7 
8 
9 
10 
11 
13 
15 
17 
Average 
body length 
in mm 
11.8 
13.3 
15.5 
17.3 
16.0 
18.2 
18.6 
18.6 
25.0 
Dorsal 
13 
13 
15 
16 
16 
16 
16 
16 
16 
Number of fin 
Caudal 
18 
18—20 
27 
29 
30 
32 
35 
36 
37—38 
Anal 
0 - 6 
6—8 
8 
8 
8 
8 
8 
8 
8 
rays 
Ventral 
nil 
nil 
7 
9 
9 
9 
9 
9 
9 
Pectoral 
nil 
nil 
7 
7 
11 
12 
13 
13 
14—15 
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Mouth and Lips 
The mouth opens for respiration one day after hatching (Fig. 4 B), when 
it is seen to have moved upwards, with its opening lying somewhat in level with 
the anterior curvature of the eye. The depth of the mouth is also seen to have 
increased, reaching as far down as the mid point of the eye ball. The mouth at 
this stage possesses very thin and delicate margins. Khan (op. cit.) has also 
observed that by the end of the first day the depression for the mouth is well 
marked and that it opens on the second day. 
B 
FIG. 4. Development of the mouth and lips in the larval and post-larval stages of C mrigala. 
It is on the third day after hatching that the margins of the mouth show the 
differentiation of thin lips (Fig. 4 C) and the inouth shifts to its permanent position 
anterior to the eyes, becoming terminal in position. The progressive development 
in the thickening of the lips is very slow and no appreciable change is evident 
on the fourth day (Fig. 4 D). The lips finally become clearly demarcated on the 
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sixth day after hatching. The condition of the mouth and hps as seen on the 
tenth and thirteenth day after hatching is shown in Fig. 4 E and F respectively. 
Gills 
Khan {op. cit.) reported the appearance of gills by the end of the first day 
as tubular outgrowths attached to the branchial arches, with blood vessels passing 
through them, and that by the end of the second day they are covered by the 
operculum. During the present investigations, a day after hatching the fry were 
observed to possess well-developed four pairs of thin and delicate gill-arches, with 
each gill-arch having a double row of gill-filaments, varying from 8 to 10 in number. 
The condition of a single gill-arch as seen at this stage is evident from Fig. 5 A. 
The gill-rakers are not yet developed at this stage. Contrary to the very early 
development of gill-arches it is not before the sixth day after hatching that the 
presence of gill-rakers is noticed, as small bud-like structures, 13 in number. Fur-
ther development in the ramification and elongation of gill-filaments and gill-ra-
kers continues as seen in Fig. 5 B, C, D and E on the 7th, 8th, 10th and 13th day 
1 M M 
FIG. 5. Development of gill structure in the larval and post-larval stages of C. mrigala. 
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after hatching respectively. Table 6 shows the details of development of the 
gill-arches, gill-filaments and gill-rakers during the seventeen-day period after hatching. 
TABLE 6. Details of development of gill structure ofC. mrigala. 
Age in days No. of gill-arches No. of gill-filaments per No. of gill-rakers per 
gill-arch (range) gill-arch (range) 
1 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
17 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
pairs 
?> 
? i 
5» 
>> 
»» 
)» 
9> 
»9 
9» 
»? 
^ ? 
)> 
8—10 
12—13 
13 
18 
22—25 
26—28 
30—31 
32—34 
32—35 
34—35 
35—37 
35—37 
44—50 
pairs 
>5 
?» 
») 
! 9 
i > 
?» 
J» 
»5 
)) 
)> 
H 
»? 
nil 
nil 
nil 
nil 
13 pairs 
13—14 " 
14—16 " 
16—19 " 
16—19 " 
16—19 " 
17—19 " 
17—19 " 
24—25 " 
With the increase in body length of the fry the gill-filaments and the gill-
rakers too increase rapidly in number and size, while the number of gill-arches 
remains constant at four on either side. 
Alimentary canal 
While studying the development of mrigal. Khan (op. cit.) observed that 
although the stomach is visible under the air sac on the second day after hatching, 
no lumen is seen in the intestine, which is a prolongation of the stomach extending 
posteriorly to the future anus. He further observed that on the third day after 
hatching the gut is completely formed with an opening to the exterior, and becomes 
functional as evidenced by the presence of food in it in some cases, the yolk-sac 
being considerably reduced and lying ventral to the gut. The yolk-sac, according 
to him, is completely absorbed on the fourth day. During the present investiga-
tions, all the specimens examined on the third day after hatching were seen to pos-
sess a functionally complete alimentary canal, as evidenced by the presence of food 
in their guts, thus lending support to the above-mentioned observations of Khan 
(op. cit). At this stage the alimentary canal is a straight tube, resembling the gut 
of an adult carnivore, running in between the mouth and the anus with its ante-
rior end slightly swollen. The rapid increase in length does not permit the alimen-
tary canal to remain a straight tube for long, and within a couple of days its form 
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changes and a tendency towards coiling is apparent so as to enable it to acco-
mmodate itself in the limited space available in the body cavity. The details of 
these changes in the form of the alimentary canal are discussed below. 
Length of the gut and body— At the time of its formation on the third day after 
hatching, the ahmentary canal is a simple, nearly straight tube averaging 3.2 mm in 
length, as against the average body length of 7.2 mm. This is the first stage in the 
formation of the alimentary canal in mrigal hatchlings. The average lengths of the 
gut and body, as observed during the initial seventeen—day period after hatching, 
are given in Table 7 to show the proportional relationship between the two 
characteristics of mrigal fry. 
TABLE 7. Average body length and gut 
stages of C. mrigala. 
length during the larval and post-larval 
Age in days 
Body 
length 
in mm 
Standard 
Deviation 
Gut 
length 
in mm 
Standard 
Deviation 
Ratio of gut length 
to body length 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
17 
7.4 
7.9 
9.5 
11.8 
13.3 
15.5 
17.3 
16.0 
18.2 
18.6 
18.6 
25.0 
0.5468 
0.7905 
0.5431 
3.3912 
0.7681 
0.4074 
1.2470 
0.8160 
0.7681 
0.9428 
0.9428 
2.4495 
3.2 
3.8 
4.8 
9.0 
12.3 
20.5 
25.3 
25.6 
36.0 
48.6 
45.3 
105.0 
1.7421 
0.1000 
0.4816 
1.4142 
1.2470 
1.6971 
1.2470 
1.8854 
4.5454 
7.3560 
2.6245 
20.0000 
0.432 
0.481 
0.494 
0.762 
0.946 
1.290 
1.462 
1.600 
1.978 
2.604 
2.462 
4.400 
As is evident from Table 7, the alimentary canal of mrigal fry, though 
initially looking like that of an adult carnivore (less than 100% of the body 
length), soon assumes herbivorous form and becomes more than 100% of the body 
length. The alimentary canal remains shorter than the body up to the seventh day 
and from the eighth day onwards it increases at a much faster rate, becoming longer 
than the body. The ratio of the alimentary canal to the body length progressively 
changes as the baby fish grows bigger and, during this process of lengthening, it 
gets complexly coiled. The ratio of the alimentary canal to the body length in 
specimens of mrigal ranging in length from 35.0 to 687.0 mm is given in 
Table 8. 
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TABLE 8. Ratio of length of alimentary canal to body length in C. mrigala. 
Body length in mm Gut length in mm Ratio of gut length to body 
length 
35 175 5.00 
50 347 6.94 
80 721 9.01 
113 1250 11.62 
150 1800 12.00 
255 3626 14.22 
394 5989 15.20 
590 10350 17.54 
687 18700 24.31 
Nature of coiling— The mode of coiling of the alimentary canal in C. mrigala 
is more complex as compared to that in C. catla and L. rohita (Kamal, 1967 and 
this study). In mrigal, in the first stage the alimentary canal remains a straight 
tube till the fourth day after hatching (Fig. 6 I), and the first change in its form is 
observed on the fifth day. On the other hand, in the case of catla and rohu the 
straight tube-like condition of the gut is observed to persist till the fifth day. The 
initial change in the form of the alimentary canal of the mrigal fry as observed on 
the fifth day is caused by a sharp flexure towards left, as viewed from the dorsal 
side, most in the middle region of the gut and immediately following the intesti-
nal bulb. This loop, a fore-runner of the siphonal loop, again proceeds caudally 
terminating at the anus (Fig. 6 11). This represents the second stage of coihng and 
resembles a similar stage of aUmental coiling in catla on the 7th day. On the fol-
lowing day, /. e. the sixth day after hatching, this flexure becomes deeper by the 
forward movement of the siphonal loop up to the anterior extremity of the body 
cavity before it turns caudally and touring on the left of the siphonal loop, termin-
ates at the anus (Fig. 6 III). This is the third stage of coiling and is somewhat 
comparable to the fourth stage of alimental coiling in catla and rohu fry on the 
11th and 9th days respectively. The general form of the alimentary canal at this 
stage is very simple and takes somewhat the form of the letter 'n'. Kafuku (1958) 
found similar intestinal structure, which he has termed as 'common type', in the 
majority of Japanese cyprinids, while according to Suyehiro (1942) this structure 
is demonstrated very frequently by the species of the teleosts in general. As found 
by the author in the case of catla and rohu fry, when viewed from above, the first 
limb is found to be placed dorsally to the second and third limbs. Similar obser-
vations have also been reported by Das and Moitra (1956) in the case of Labeo 
rohita, where they found the first limb lying dorsally to the coils of the intestine 
proper. 
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The form of the ahmentary canal on the 7th day after hatching shows a further 
change by the formation of a small loop at the second flexure (Fig. 6 IV) and this 
represents the fourth stage resembling the fifth and sixth stages of coiling of the 
VIII 
Fio. 6. Semi-diagrammatic presentation of progressive change in the coiling pattern 
of alimentary canal in the larval and post-larval stages of C. mrigala. 
alimentary canal in catla and rohu on the 19th and 13th day respectively. Kafuku 
{pp. cit.) has termed this type of structure as 'Zaccotype', which is typically seen in 
the members of the sub-family Leuciscinae. 
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The loop at the second flexure shows further deepening of varying degrees on 
the 8th day after hatching, and the general form of the alimentary canal can now be 
grouped into two stages of coiling, viz., the fifth and sixth (Figs. 6 V, VI), which 
are comparable to the 6th and 7th stages of coiling in rohu on the 13th and 15th 
day respectively. Kafuku {op. cit.) termed this as the 'Cyprinus-type' and reported 
this type of intestine in common carp and crucian carp of Japan. The 
second and third limbs in these stages are pushed closer to the first and even cross 
over to the left of it when viewed dorsally. The 7th stage (Fig. 6 VII), as observed 
on the 9th day, shows a deeper invagination in second and third limbs and the bend 
joining these limbs projects downwards, thus resembling the 8th stage of coiling in 
rohu on the 17th day after hatching. This condition conforms to the 'Ctenopharyn-
godontype' of Kafuku {op. cit.), found in only one species in Japanese waters, viz. 
Ishikauia steenakeri and also in the Chinese carps, Ctenopharyngodon idellus, Hy-
popthalmichthys moUtrix, Aristichthys nobilis and Mylopharyngodon piceus. The 8th 
stage (Fig. 6 VIII), as seen in specimens of mrigal on the 10th day, shows very little 
further change, in that the downward projected bend joining the second and third 
limbs tilts towards the left and touches the first limb, whereas in the 9th stage on the 
11th day this bend elongates and reaches almost to the base of the cavity formed as a 
result of the invagination in the second and third hmbs (Fig. 6 IX). The increasingly 
fast rate of growth in length of the alimentary canal makes the coiling pattern of the 
gut very much complicated from the 13th day onwards. The 10th, 11th and 12th 
stages of coiling as recorded on the 13th, 15th and 17th day after hatching (Fig. 
6 X, XI, XII) reveal that the process towards a most complicated pattern of ali-
mental coiling has already set in at this early stage. 
Since the gut grows much faster in length than the abdominal cavity, secondary 
flexures are produced between the primary ones. Bodola (1966), while reporting 
his observations on the life-history of gizzard shad, Dorosoma cepedianum (Lesueur), 
states that the flexures in the gut provide landmarks by means of which one can 
deteimine relative rates of growth of the different portions of the gut. The caudal 
portion grows more rapidly and continues to grow over a longer period than any 
other section. Although the course of the gut of a young mrigal is complicated, it 
is relatively simple in comparison with that of the adult in which the convolutions 
are so numerous and complex that they defy tracing on a two-dimensional illustration. 
Indeed, the gut which amounts to even less than one-half of the total length of the 
three-day old fish, becomes in an adult of, say, 687 mm twenty-four times the length 
of the fish. The alimental coiling of an adult mrigal is shown in Plate II. 
Food 
The feeding commences in mrigal fry on the third day after hatching, as in the 
c?se of catla (Kamal, 1967). Zooplankters dominate the initial intake of external 
food organisms, though to a lesser degree as compared to the initial external feed of 
catla and rohu, as observed by the author. The zooplanktonic proportion of the 
feed constitutes 77 %, with the remaining 23 % consisting of phytoplankton. Amongst 
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the zooplanktonic items, the cladocerans are most dominant, while amongst the 
phytoplankton only Microcystis is encountered at this stage. An initial availability 
of 0.1-0,3 ml of zooplankton per fry, yields optimum results under field conditions 
and a higher concentration than this does not show appreciably better results 
(Mitra and Mohapatra, 1956). According to Alikunhi (1952), zooplankters, parti-
cularly entomostracan crustaceans and rotifers, appear to constitute the "main food" 
of the carp fry, while planktonic algae can only be considered as "emergency 
food". 
After the commencement of feeding on planktonic organisms present in the 
water, mrigal fry are observed to consume varying proportions of zoo- and phy-
toplankters during the 17 days of their life after hatching (Table 9). The zooplank-
ton continues to dominate the diet till it becomes 100% zooplanktonic on the 8th 
day after hatching. On the ninth day, the phytoplankton is found to be dominant 
(56.6 %) in the gut contents for the first time. From there on, no definite trend of 
feeding could be discerned since the gut contents were at times dominated by zooplank-
ters and at times by phytoplankters (Table 9). On the thirteenth and seventeenth 
day after hatching, the phytoplanktonic proportion was observed to be as high as 
100% and 90% respectively. In the case of catla and rohu (Kamal, 1967 and this 
study), the phytoplanktonic proportion in the gut contents is never seen to be so 
consistent and does not comprise such a variety of phytoplanktonic organisms as 
in the case of mrigal fry during these initial days of feeding. The preference for 
phytoplanktonic organisms as the "main food" is evident from the very early stage 
in the life of mrigal. 
During the initial days of feeding, up to the 17th day after hatching, the mrigal 
fry have been observed to be utilising a variety of zoo- and phytoplanktonic 
organisms. These include cladocerans, copepods, rotifers, nauplii, ostracods 
and insect larvae among zooplankters, and Gomphonema, Cymbella, Microcystis, 
Oedogonium, Trachelomonas, Phacus and Euglena among the phytoplanktonic 
organisms. 
The gut analysis of the mrigal fingerlings, measuring 35 and 40 mm, has 
shown a dominant proportion of debris (75 % and 90 % respectively), along with small 
proportions of phyto-and zooplankters. Alikunhi (1957) has reported the proportion 
of animal matter in the diet of mrigal as generally poor, though the young ones, as 
soon as they commence feeding, have the same feeding habits as those of catla and 
rohu. The fingerlings and adults take in relatively large quantities of decaying organic 
and vegetable debris, phytoplanktonic organisms, sand and mud than in the case oi 
catla and rohu. 
As is evident from Table 9, the mrigal fry show greater preference for cladoce-
rans amongst the zooplankters and for Trachelomonas amongst the phytoplankters 
during the early phase of their life-history. 
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TABLE 9. Average body and gut lengths, coiling stages of the alimentary canal and 
food consumed by the larval and post-larval stages ofC. mrigala. 
Age 
in days 
3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
15 
17 
Average length 
in mm 
Body Gut 
7.4 3.2 
7.9 3.8 
9.5 4.8 
11.8 9.0 
13.3 12.3 
15.5 20.5 
17.3 25.3 
16.0 25.6 
18.2 36.0 
18.6 48.6 
18.6 45.3 
25.0 105.0 
Coiling stages 
of the alimen-
tary canal 
I 
I 
II 
III 
IV 
V&VI 
VII 
VIII 
IX 
X 
XI 
XII 
Food in 
Phyto-
plankton 
23.0 
30.0 
11.6 
6.0 
3.3 
nil 
56.6 
27.3 
7.0 
100.0 
21.6 
99.0 
I percentage 
Zooplankton 
77.0 
70.0 
88.4 
94.0 
96.7 
100.0 
43.4 
72.7 
93.0 
nil 
78.4 
1.0 
Dominant 
item of 
food 
cladocerans 
) i 
9» 
5» 
copepods 
?» 
Trachelomonas, 
Oscillatoria 
and copepods 
cladocerans 
5> 
Trachelomonas 
copepods 
Trachelomonas 
DISCUSSION 
During the course of the present investigations it has been observed that the 
newly hatched embryos of Cirrhina mrigala are devoid of a mouth and possess un-
pigmented round eyes and on an average measure 5.6 mm in total length, as against 
the average body length of 5.2 and 4.3 mm in the case of catla and rohu hatchlings 
respectively (Kamal, 1967 and this study). A day after hatching the mouth is formed 
and the eyes and gills become vi/ell developed, as has also been reported by Khan 
(op. cit.). 
The alimentary canal becomes functionally complete on the third day after 
hatching as evidenced by the presence of planktonic food items in it. The very late 
appearance of the gill-rakers (on the 6th day after hatching) suggests that they are of 
little use in the selection of food in these early stages of life. Alikunhi (1957) has 
observed that in mrigal the gill-rakers are ill-adapted for filtering water and retaining 
particular organisms. Similarly, in the case of catla and rohu fry the gill-rakers 
have not been found to be of any significance in the selection of food (Kamal, 1967 
and this study; Alikunhi, 1957). While grouping the major carps according to 
feeding habits, Mookerjee and Ganguly(1948) classified mrigal as a member of sight 
and taste feeding type, catla of sight feeding type and rohu of taste feeding type. 
Alikunhi (1958) has mentioned the possibility of feeding by contact among the carp 
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fry, though to a hmited extent, when he found them feeding in darkness. In the 
majority of fishes in the eariier stages of their development when they feed on plankton 
the eyes and the organs of lateral line play the m^jor part in orientation towards food 
(Nikolsky, 1963). 
Growth in length of the alimentary canal is almost isometric to that of the body 
length up to the 6th day after hatching. Thereafter, the gut length increases at a 
much faster rate than the body length. When initially formed, the gut is only 
43 % of the body length, with its anterior end swollen to form an intestinal bulb, thus 
very much resembling the gut of an adult carnivorous fish. Within a short period 
(on the 8th day) its length becomes more than 100% of the body length and starts 
resembling a typical herbivorous type. It is quite interesting to note that the gut 
length of catia fry remains less than 100% of the body length during the first 19 days 
of its life after hatching (Kamal, 1967), whereas in the case of rohu fry the growth 
in length of the alimentary canal is somewhat rapid, becoming more than 100% on 
the seventeenth day after hatching. In the larvae of Hypopthalmkhthys molitrix, 
which feed on zooplankters, the intestine is short, comprising less than 100% 
of the body length, while in the adult it is 15 times as long as the body 
(Verigin, 1950). 
From the very day of the commencement of feeding on external planktonic 
organisms, the mrigal fry, during the present investigation, were seen to consume 
a mixed type of food (phyto- and zooplankters) and the preference for animal 
diet (zooplankton) was noticed to be comparatively less marked than in catla and 
rohu. On the other hand, according to Alikunhi (1957), the young ones of mrigal, 
as soon as they commence feeding, have the same feeding habits as those of catla 
and rohu. While initially the mrigal fry were seen to prefer zooplankton, 8 days 
after hatching the trend became uncertain, but recorded a consistent presence of 
phytoplankton, which sometimes constituted as much as 100% of the feed. This, 
however, was not the case with catla and rohu fry, which continued to show a pre-
dilection for zooplanktonic food even beyond the 8th day after hatching (Kamal, 
1967 and this study). Increasing preference by mrigal fry, as they grow, for vege-
table diet, is responsible for a much longer alimentary canal in mrigal than in catla 
and rohu. In an adult mrigal, measuring 687 mm, the alimentary canal has been 
observed to be as long as 24 times the body length. 
As in catla and rohu, the alimentary canal of mrigal when initially formed 
is a straight tube but its form changes earlier than is the case with the other two 
major carps. Similarly, the mode of coiling is much more complicated as compa-
red to that in catla and rohu. During the first fourteen days after its initial ap-
pearance on the 3rd day, the alimentary canal in mrigal fry undergoes 12 stages of 
coiling, as against 6 and 9 stages only in the case of catla and rohu respectively 
during the identical period (Kamal, 1967 and this study). 
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Mrigal fry is equipped with all the fins on the 6th day after hatching and 
on the 17th day has achieved a condition almost similar to its adult in regard to 
the number of fin rays, while in the case of rohu the full complement of fins is 
observed only on the 9th day after hatching. It can, therefore, be inferred that the 
mrigal fry are quicker in attaining adult-like condition than the rohu fry. 
Kafuku {op. cit.) has attempted to work out the speciation in cyprinid fishes 
on the basis of intestinal differentiation. In the light of the above, the present 
work is likely to be of value in tracing the phylogeny and affinities of Indian cyprinids. 
SUMMARY 
The present communication, dealing with the food consumed and the 
differentiation of the alimentary canal in Labeo rohita and Cirrhina mrigala, forms 
the second and third parts in the series of studies on the food and alimentary canal 
of Indian major carps. 
L. rohita: Immediately after hatching the larvae of L. rohita are devoid 
of mouth, gills and gut. The mouth opens up for respiration one day aftei hat-
ching and faces the eyes when viewed laterally, but soon moves and becomes anterior 
to the eyes. Gill-arches are well developed on the second day after hatching. Gill-
rakers, which develop on the fifth day, do not seem to play any important pait 
in the selection of food. The fry is equipped with all the fins on the ninth day 
after hatching. Thickening of the lips, typical of rohu, begins from the fifth day. 
Intake of external food has been observed for the first time on the fifth day. 
Initially, the alimentary canal is a straight tube, which soon starts coiling, 
and nine stages of coiling have been observed from the 5th to 19th day after hat-
ching. The alimentary canal remains shorter than the body length (less than 100%) 
up to the ]5th day, bul from the 17th day onwards it becomes longer than body 
(more than 100%). During the initial 19 days of fife, the rohu fry predominantly 
feed on zoo plankton. 
C. mrigala: Immediately on hatching, the mrigal larvae are found to be 
devoid of mouth, gills and gut, as in the case of catla and rohu. One day after 
hatching the mouth is formed and the eyes and gills are also well developed. The 
alimentary canal becomes functionally complete on the third day. The gill-rakers, 
which develop on the 6th day, do not seem to play any important part in the selec-
tion of food. The fry is equipped with all the fins on the 6th day and on the 17th 
day attains a fin formula very similar to that of an adult mrigal. 
The alimentary canal, though initially a straight tube, soon starts coiling and 
12 stages of coiling could be made out during a period of 14 days after its initial 
appearance. The alimentary canal remains shorter than the body up to the 7th 
day after hatching, and thereafter increases at a much faster rate, becoming longer 
than the body. From the day they begin external feeding, the mrigal fry utilise 
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both phyto- and zooplankton. During the early days of its hfe, the mrigal fry feed 
predominantly on zooplankton, but later on they are seen to shift their choice from 
zooplankton to phytoplankton in an irregular manner. Cladocerans among the 
zooplankton and Trachelomonas among the phytoplankton form the main food 
items of the fry and fingerlings of mrigal. 
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The study of the marginal rings on the scales of C. mrigala indicated their 
annual nature. These annual rings are carved out grooves. From a critical 
study thereof it was observed tha t age could be determined accurately. 
The occurrence of confusing rings in smaller specimens has been explained. 
The results obtained by the present method agreed highly with those ob-
tained by Petersen's method, von Bertalanffy's growth equation describes 
adequately the growth pat tern in mrigal. The theoretical growth equation 
derived for mrigal is : 
i j = 1060(l-e0-290649((-0-03964)) 
C. mrigala attains an average maximum length of 1060 mm. The rate of 
increase in length was found to be maximum in the first four years of its life. 
INTEODUCTION 
Cirrhina mrigala, commonly called mrigal, is an indigenous major carp 
which is widely distributed in the inland waters of India. I t forms a capture 
fishery of great value in the Ganga river system, apart from being one of the 
important species on which a valuable culture fishery of the country is based. 
An authentic method of age estimation of mrigal is useful in solving 
basic life-history problems of the species and is an essential prerequisite for 
understanding the population dynamics of the fish. The use of scales for 
estimation of age has met with varying degrees of success in India (Seshappa 
and Bhimachar 1954; PiUay 1958; Pillay and Rao 1962; Pantulu 1956; 
Jhingran 1957 and 1959; Natarajan and Jhingran 1963). 
Jhingran (1959) established the validity of scales as suitable age indicators 
in C. mrigala from the river Ganga at Buxar (Bihar). This paper presents 
the results of further studies on the age determination of mirigal by means of 
scales, establishing their utility as age indicators in a population of the species 
of river Yamuna at Allahabad. The validity of scales of mrigal as age indi-
cators of the fish is established by correlation of lengths at different ages 
derived from scales and from length-frequency data analysis, further refined by 
dissecting polymodal length-frequency distributions adopted by Harding 
(1949) and Cassie (1954) and used by Pantulu (1961 and 1962). The growth 
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equation has been derived and parameters worked out to fit the equation of 
yield/recruit on the lines developed by Beverton and Holt (1957). 
MATEBIAL AND METHODS 
The material for the present study was drawn from the commercial 
catches landed at Sadiapur fish assembly centre, Allahabad. This assembly 
centre, situated on the bank of river Yamuna, is mainly fed by the catches of 
the same river. While collecting the scales of the fish and recording length 
measurements, particular care was taken to avoid specimens from other 
sources. These investigations were commenced in September 1962 and con-
tinued through December 1964. In this study while 16,439 specimens of 
mrigal representing all size-age-groups were measured for length-frequency 
studies, 850 scales from 278 specimens, ranging from 83-965 ram in total 
length, were used for ageing by scales. The scales taken foi' this study were 
picked up from the region directly below the dorsal fin and above the lateral 
line. They were first washed in tap-water for about an hour and then scrub-
bed between the thumb and fingers in water, taking care not to damage the 
delicate margins. They were dried on a neat blotting paper. The scales at 
this stage became quite clean and translucent and were immediately mounted 
in between two-glass slides with both the remote ends of the slides fastened 
with a sticking tape. 
F I G . 1. Diagrammatic representation of a scale showing annuli 
_and the axis of measurements (OR). 
(AB—line of bilateral symmetry; G—focal point; r j , r^, rs—annuli). 
The examination of the scales then followed under a photographic en-
larger magnifying the scales to 6-3 times its actual size. The distances from 
scale focal points to different rings on the scale surface were measured and 
recorded by placing millimeter graph paper strips directly over the scale 
images under the enlarger after sharply focusing the same thereon. 
For determining the^ focal point of the scale, its image was first projected 
as stated above and the point of intersection of two straight lines, at right 
angles to each other, extending from the two shoulders of the scale to their 
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diagonally posterior ends was ascertained. This is illustrated diagrammatically 
in Fig. 1. On all scales of regular shape this angle was always found to be 
45°. While plotting the magnified dimensions of the scales, against the body 
lengths, they were reduced to the exact size by dividing the measured values 
with the magnification. 
The length-frequency analysis was done by seriating the data into 20 
mm class intervals and the multimodal polygons were dissected using arith-
metical probability paper by the method described by Harding (1949) and 
Cassie (1954). Lengths attained by the fish at the time of formation of the 
various annuli were back calculated for each specimen individually using the 
formula: 
Y = biX+c 
(where Y is the scale radius and X is the length of the fish, bi and c being the 
constants). 
The logarithmic transformation was also attempted but as the above 
stated direct algebraic formula gave better results (vide Table I) it was adopted. 
AGE AND GROWTH 
Age determination from scales.-—Elucidation of growth history of a fish 
from the measiu-ements of a skeletal part depends upon the existence of a high 
correlation between growth of the part concerned and the growth of the entire 
body. The coefficient of correlation between scale length and fish length was 
found to be +0-99. 
The nature of growth rings on mrigal scales and the time of annulus forma-
tion.—As found by Jhingran (1959), the present study also shows the presence 
of varying number of rings on scales of different sizes, their number propor-
tionally increasing in large fish and vice versa (Plates I, II and III). The 
distance between adjacent rings also progressively decreases as the fish size 
increases. The nature or type of rings was, however, not described by Jhingran 
(1959), though their annual nature was established by him. Certain rings on 
the scales of mrigal from the Yamuna were found to be aimuli, as is 
established later in this paper, and they may be described as consisting of 
relatively broad grooves or depressions lying between adjacent circuli running 
all round the scale (except at the posterior end) preceded by closely packed 
circuli and followed by relatively more widely spaced ones. The significance 
of closely packed circuli preceding and widely spaced ones following the 
annulus has been pointed out by Robertson (1933). According to him, there 
are concentric folds on the scale surface corresponding to the position of the 
rings, and owing to perspective the circuli appear t o ^ n d or kink when cross-
ing these folds. This happens in such a way that they seem to become first 
relatively closely approximated and then relatively widely separated, giving 
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TABLE I 
Size-frequency distribution of stunted 
specimens of mrigal up to three years of 
age as revealed by scale study 
Class-
rjiiigG 
in mm 
101-120 
121-140 
141-160 
161-180 
181-200 
201-220 
221-240 
241-260 
261-280 
281-300 
301-320 
321-340 
341-360 
361-380 
381-400 
401-420 
421-440 
441-460 
461-480 
481-500 
501-520 
521-540 
541-560 
561-580 
581-600 
Total 
Average 
lengths 
in mm 
Number of completed 
I 
15 
22 
21 
20 
21 
5 
1 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
105 
156-3 
I I 
— 
— 
— 
— 
^ 
— 
-— 
— 
— 
2 
10 
25 
16 
19 
5 
— 
— 
— 
— 
— 
— 
— 
— 
— 
77 
367-2 
annuli 
I I I 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
3 
5 
13 
12 
11 
44 
559-6 
by contrast the effect of a transparent zone. Molander (1946) has observed 
that transparent zones are preceded by concentric bands of closely approxi-
mated circuli. According to him, the transparent zones really represent the 
beginning of faster growth, whereas the zone of diminished growth is re-
presented by the concentric band of closely packed circuli just inside the 
transparent zone. Annuli of similar nature have been observed by Fage 
(1913), Savage (1919), Tchougounova (1940), Blackburn (1949), Natarajan and 
Jhingran (1963) and Jhingran (unpublished). 
KAMAL. Proc. natn. Inst. Sci. India, Vol. 35, B, Plate I. 
Jhingran (1959) has mentioned about the presence in mrigal scales of 
accessory checks, which he found misleading in age estimation. The present 
paper traces their probable cause of formation and clears up the confusion 
caused by the presence of such false rings. Two types of rings, termed here as 
false rings, were met with in the present study, namely (1) those which were 
not continuous all round the scale (except at the posterior end) and (2) those 
which appeared like compactly deposited circuli. The false rings of the 
second type are encountered at various points in specimens up to 600 mm in 
Scale radius : 4-0 mm. 
Total length of fish: 217 mm. Date of collection: 2-3-64. 
Shows one false ring. 
total length. If these false rings, which were commonly encountered in 
specimens measuring up to 240 mm, are given the status of annuli, the average 
size of mrigal on completion of about a year's growth would be 166-3 mm 
only. For considerable time in these investigations, interpretation of these 
false rings baffled progress in work until it was discovered that the specimens 
showing such false rings were encountered only during the spring and early 
summer months, in relatively smaller numbers, and that they were actually 
KAMAL. Proc. natn. Inst. Sci. India, Vol. 35, B, Plate II. 
Scale radius : 7 1 mm. 
Total lengtli of fish: 372 mm. Date of collection: 20-11-63. 
Shows one age-ring. 
Scale radius : 8-2 mm. 
Total length of fish: 493 mm. 
Date of collection: 13-1-64. 
Shows two age-rings. 
Scale radius 17-1 mm. 
Total length offish: 760 mm. 
Date of collection: 31-3-64. 
Shows four age-rings. 
KAMAL. Proc. natn. Inst. Sci. India, Vol. 35, B, Plate I I I . 
Scale radius : 16-7 mm. 
Total length of fish: 815 mm. 
Date of collection: 2-5-64. 
Shows five age-rings. 
Scale radius : 19-7 mm. 
Total length of fish: 903 mm. 
Date of collection: 27-9-63. 
Shows seven age-rings. 
Scale radius: 21-9 mm. 
Total length of fish: 955 mm. Date of collection: 9-7-63. 
Shows eight age-rings. 
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collected from isolated river pools, which are generally intensively fished 
during the above period. There is little doubt that the isolated pools, on sandy 
river-bed, are deficient in fish food and that the specimens in question were 
actually the stunted progeny of the previous year's brood. These specimens, 
in contrast with those dwelling in the main stream, are really insignificant 
numerically. In support of this contention it may be stated that it is a well-
known fact in knowledgeable fishery circles in India that the fingerling collec-
tions, made in autumn months practically throughout the country, over-
whelmingly represent the fish of the year, the breeding season being May-
August. Further, the stunted specimens referred to above are probably the 
late brood of the year-class concerned. The formation of isolated pools on 
river-bed and their getting fished in spring and early summer is an annually 
recurring feature of the riverine fishery. The fish contained therein may 
belong to different year-classes and this explains the occurrence of false rings 
showing the sizes of one-, two- and three-year-old specimens to average at 
156-3, 367-2 and 559-6 mm as shown in Table I. The subsequent occurrence 
of these specimens, stunted in growth during the first year of life was, however, 
not traceable beyond the third-year class, due to their progressive decrease in 
number to the extent of becoming negligible. By the removal of these speci-
mens from the main body of the data on growth, the rest of the growth picture 
is easily elucidated and is presented in the following section of this paper. 
For ascertaining the time when the rings are laid down on the scales of 
mrigal, the scales showing rings at the margin or very close to it were studied 
and their percentage of frequency calculated during different months. It was 
observed that maximum number of scales with marginal rings were found in 
the early summer months (March to April) (Fig. 2) indicating thereby that the 
J F M A M J J A S O N D 
F I G . 2. Histogram showing the percentage of scales with marginal 
rings during different months. 
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rings are mainly laid down during this period. Jhingran (1959) found star-
vation as the main causative factor for the appearance of annuli on the scales 
of mrigal from river Ganga at Buxar, and mentioned March to June as the 
period of ring formation. If these were true, then the sizeable percentage of 
mrigal scales with marginal rings in the month of July (Fig. 2) may well be 
explained by the fact that during this month the plankton population in the 
river declines considerably (Chakrabarty et al. 1959 and Pahwa and Mehrotra 
1966), thus causing a retardation in growth of the fish for want of required 
nutrition in the environment. 
Relationship hehveen scale radius and fish lengths.—Scale measurements of 
fish are often used to calculate the growth over periods of time previous to the 
time of capture. Most fishes show a high correlation between the growth of 
the body and the growth of the scales, and the relationship is xisually linear. 
In some fishes, though the relationship appears to be non-linear, it is usually 
regarded as sufficiently nearer to linearity to be treated as sucli. Such an 
assumption of a linear relationship between body length and scale length makes 
it fairly simple to back calculate the growth of the fish. Thompson (1923) 
found for North Sea haddock a proportional relation which yielded a straight-
line fit. Those who have noted the existence of a curvilinear relationship, 
often found that the scale growth decreased as the fish became larger. Wise 
(1957), while studying the growth rate of Browns Bank haddock, found a 
straight-line relation from smallest scale length up to about 3-5 mm scale 
length or about 510 nmi fish length and there was strong evidence that the 
scale growth increased with increasing fish size after a certain critical size was 
reached. Jhingi'an (1959) did not find a rectilinear relationship between scale 
radii and body lengths in mrigal from Ganga at Buxar, but observed that two 
or more straight lines or a curve fitted to the points would better describe 
scale-body relationship. Natarajan and Jhingran (1963) observed in catla 
that the fish lengtlis are not in direct proportion, but their increments are. 
Fig. 3 presents the scatter diagram on an arithmetic plot of observations 
on the total lengths of mrigal from Yamuna at Allahabad ranging from 83 
mm to 965 mm plotted against corresponding scale radii ranging between 1-7 
and 24-0 mm. The relationship between the fish lengths and scale radii in 
this case can be best explained by fitting a straight line to the points. The 
relationship could be expressed by the regression formula: 
Y = 0-02108 X-f 0-0387 
where Y is the scale radius and X is the total length of the fish. The corre-
lation coefficient (r) for this regression is calculated to be -1-0-99. Thus a 
direct proportion has been accepted from the practical fisheries point of view 
which is justified by the occmrence of a high coefficient of correlation (+0-99) 
between the scale radii and fish lejigths found in Yamuna mrigal at Allahabad. 
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In a similar study on Ganga uu-jgal fr<!ra Euxar, Jhingran (1959) found the 
value of r to be -f 0-96 whereas in the case of catla the value of r was found 
to be +0-99 by Natarajan and Jhingran (1963). 
When the establishment of proportional relationship between the scale 
radii and fish lengths has been accomplished and the annual nature of the 
rings found to be definite in the case of true rings, each of these 'checks' was 
taken to indicate a year's growth. The intermediate lengths were back cal-
culated, in all cases, by the application of the formula mentioned above and the 
F I G . 3. 
200 400 600 8 0 0 
TOTAL LENGTH IN MM 
Rolationsliip between seale radius and total length. Points 
represent the scatter of observed values. 
1000 
mean values were taken to represent the lengths at diiferent ages and shown in 
Table I I and in column 2 of Table I I I . Other characters stated in the table 
are described later in this paper. 
The mean lengths as back calculated at ages from I to VIII j-ears were 
estimated to be 268-0, 458-4, 644-2, 736-1, 816-7, 867-1, 924-0 and 958-6 mm 
respectively. 
Empirical growth curve.—On the basis of the results obtained by the scale 
studies and the length-frequency methods (Table HI) , it is observed that the 
growth in rarigal is most rapid dining the first four years of its life; first year 
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TABLE I I 
Size-frequency distribution of mrigal of various ages as revealed by scale study 
Number of completed annuli 
Class-range 
in mm 
201-220 
221-240 
241-200 
261-280 
281-300 
301-320 
321-340 
341-360 
361-380 
381-400 
401-420 
421-440 
441-400 
461-480 
481-500 
501-520 
521-540 
541-560 
561-580 
581-000 
601-620 
621-640 
641-660 
661-680 
681-700 
701-720 
721-740 
741-760 
761-780 
781-800 
801-820 
821-840 
841-860 
861-880 
881-900 
901-920 
921-940 
941-960 
961-980 
Total 
Average 
I 
11 
17 
18 
11 
29 
17 
4 
— 
— 
— 
--
— 
— 
--
- -
— 
— 
— 
— 
— 
~ 
— 
— 
— 
— 
— 
— 
--
— 
— 
— 
— 
~ 
— 
— 
— 
— 
107 
I I I I I IV V VI VII VI I I 
13 
17 
13 
14 
4 — 
4 — 
11 
2 — 
1 3 
— 2 
5 — 
4 2 
— 3 
2 1 
3 3 
1 2 
— 3 
3 — 
2 1 
2 — 
— 4 
65 22 21 13 
lengths 268-0 458-4 644-2 736-1 816-7 867-1 924-0 958-6 
in mm 
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TABLE III 
Comparison oj mean lengths of C. mrigala in mm at various ages as 
estimated by different methods 
Age in 
years 
1 
I I 
I I I 
IV 
V 
VI 
VII 
VII I 
I X 
Length-at-
age (scale 
method) 
(mm) 
268-0 
458-4 
644-2 
736-1 
816-7 
867-1 
924-0 
958-6 
— 
Length-at-
age 
(Petersen's 
method) 
(mm) 
260-0 
470-0 
600-0 
7400 
840-0 
890-0 
920-0 
940-0 
960-0 
Length-at-
age 
(probability 
method) 
(mm) 
240-0 
471-0 
620-0 
775-0 
842-0 
8980 
— 
948-0 
— 
von 
Bertalanffy's 
fit (mm) 
278-4 
473-9 
622-8 
732-4 
8150 
876-8 
923-0 
957-5 
— 
having maximum growth, as also observed by Jhingran (1959) in mrigal from 
Ganga at Buxar. The gradual decrease in growth rate is observed during 
later years until a limiting value of total length (ultimate length) is approached. 
The increments in length and rate of increment in length per year, calculated 
individually for each of the eight years of life, are given in Table IV (Fig. 4). 
TABLE IV 
Annual growth increments and growth rate per 
Duration 
between 
checks 
O-I 
I - I I 
I I - I I I 
I I I - I V 
IV-V 
V-VI 
VI -VII 
V I I - V I I I 
year of mrigal 
Growth 
increment 
in mm 
268 
190 
186 
92 
81 
50 
57 
35 
in length 
Growth per 
month in 
mm 
29-8 
15-8 
15-5 
7-7 
6-8 
4-2 
4-8 
2-9 
Per cent of 
total growth 
(relative 
growth) 
27-95 
19-82 
19-40 
9-60 
8-45 
5-22 
5-95 
3-65 
Fitting of the von Bertalanjfy growth equation.—The use of mathematical 
expressions in fitting growth curves is particularly advantageous in inter-
polation and extrapolation, in addition to their utility in production com-
putations (Pantulu 1962). von Bertalanffy's growth equation (1938, 1949 
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and 1957), based on the concept of growth as the net result of interaction of 
the jjrocess of anaboHsm and cataboHsm, gives a curve of growth in length 
which tits well the growth rates of many species of fish (Beverton 1954; 
Beverton and Holt 1957). The equation thus obtained gives a linear relation 
between length at time t and at time t-\-x and is written as follows: 
Z{ = ioo(l-e-»(«-fo') 
where It == length at age ;; Zoo = asymptotic length; e = base of the Naperian 
logarithm; k = coefficient of catabolism; t = age of fish; IQ = arbitrary origin 
of the growth cm've. 
HOC 
1000 
800 
X 
I -
o 
600 
400 , 
200 
2 4 6 8 
NUMBER OF COMPLETEDANNULI 
Fic4. 4. The growth cuxve in length of mrigal in the first eight yeara of its life 
showing also the rate of growth and the percentage of the total of eight years' 
growth during each individual yaer. 
To fit this growth equation to the length at age data it is written in the 
following form: 
when lt-\-l is plotted against It a graph well represented by a straight line is 
obtained. A straight line is drawn which passes through most of the points, 
from the resultant slope, k{= e"*), has been estimated, whereas the point of 
intersection of this straight line with the bisector drawn through the origbi 
(Fig. 5) gave the value of Zoo (Walford, 1946). The estimated value of these 
parameters is as under; 
loo = 1060 ; k = -0-290649 
to was estimated by plotting loge {loo—If) against age (Fig. 6). The value of ^ , 
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200 400 600 800 
LENGTH IN MM AT TIME t 
1000 
Fio. 5. Ford-Walford plot of growth of mrigal; sizes at age t plotted against 
sizes at age < + l showing the ultimate length attained by the fish. 
F ia . 6. log, {loo—U) plotted against age to determine t^. 
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where it has an ordinate of 1, gave the estimate of tg (Beverton 1954). Thus 
IQ was calculated to be 
<o = 0-03964. 
Substituting the values of Zoo, k and tg in the above equation the von Berta-
lanffy growth equation for mrigal can be expressed as 
It = 1060(1—e<'-29065((-0.03964))_ 
The tJieoretical lengths at different ages as calculated by this growth 
equation (Table V) showed a high degree of agreement with lengths at ages 
TABLE V 
Lengths {mm) at different ages of mrigal as 
calculated by von Bertalanffy 
growth equation 
Age in ^ ,, Increments Length . , ,. years in length 
276-4 276-4 
I I 
i n 
IV 
V 
VI 
VI I 
V I I I 
473-9 
622-8 
732-4 
816-0 
876-8 
923-0 
957-5 
197-5 
148-9 
109-6 
82-6 
61-8 
46-2 
34-5 
calculated both by scale studies and length-frequency studies (Table III, 
Fig. 7). 
Comparison of calculated and empirical scale radii.—Comparison between 
calculated values of scale radii of mrigal with their observed values shows a 
very high degree of agreement (Table VI). The value of the scale radii is 
represented by Y in this manuscript. The percentage diflference between the 
actual and calculated Y amounted to a minimum of 1-16 per cent and a maxi-
mum of 19-11 per cent. Scale radii from 80 fishes (42-11 per cent) showed a 
difference up to five per cent, another 80 fishes (42-11 per cent) had a 
difference of 5-10 per cent, scale radii from 10 fishes (5-26 per cent) differed 
10-15 per cent and those of the remaining 19 fishes (10-23 per cent) differed 
from over 15-20 per cent. Thus, out of 189 fishes whose scales were examined, 
160 fishes (84-22 per cent) showed a very negligible difference of 5-10 per cent 
between their observed and calculated values of scale radii and only 29 fishes 
(15-79 per cent) revealed a difference of over 10-20 per cent, thus showing a 
very good amount of agreement between the two values of scale radii of 
mrigal. 
6 B 
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Agreement with Petersen's method.—Petersen's method, is based on 
length-frequency distributions of iish. I t assumes that each age class is distri-
buted normally and that in a total length-frequency curve of distribution of 
all ages of fisL contained in the population, the various year classes will ap-
pear as individual modes. In practice, Petersen's method must be used 
cautiously (Perlmutter 1954). He further mentions that, in actual practice, 
most of the length-frequency curves for an age-group that he examined are not 
normal in distribution, but have slight tendency towards negative skewness. 
This method has been inadequate in animals with prolonged or discontinuous 
breeding because of the resultant overlapping or multiplicity of modes. 
Z 
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X 
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- Z o o 
• Scale Ktieldod 
^ ^ 
4 6 
AGE IN YEARS 
8 
Fio. 7. A comparative depiction of lengths a t ages of mrigal as computed 
by different methods. The solid line represents the length increments. 
Mrigal, as in other major carps, has a specific breeding season conditioned by 
the South-West monsoon. The validity for the use of hard parts for age 
determination can be ascertained by the agreement with Petersen's method. 
In mrigal, as in other fishes with a single spawning season, the individual 
lengths of each age-group are ajoproximately normally distributed and the 
modes of successive age-groups in the length-frequency distributions in the 
samples are separated along the length axis. 
An over-all picture of growth of mrigal has been obtained by the stud}' 
of its scales. The analysis of the length-frequency data for the years 1962, 
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1963 and 1964, comprising of the measurements of 16,439 specimens, corro-
borates the results of growth of this species delineated by scales. Figs. 8 and 
9 show the histograms of the length-frequency distribution for different months 
and quarters, during the period January 1962 to December 1964, which en-
abled the tracing of modes and elucidation of growth picture. 
Analysis of data for the year 1962.—7,833 specimens were examined for 
length-frequency studies from January to December. The modes at 100 mm in 
TABLE VI 
Differences between the empirical and calculated radii of 
scales of mrigal 
Scale No. 
N 
5 
15 
25 
35 
45 
55 
65 
75 
85 
95 
105 
115 
125 
135 
145 
155 
165 
175 
185 
Fish length 
X 
101 
116 
124 
133 
151 
184 
245 
262 
305 
344 
395 
427 
460 
529 
564 
626 
765 
848 
938 
Scale radius 
Y 
1-9886 
2-5455 
2-8636 
2-3864 
3-1023 
3-5796 
4-9318 
5-4886 
6-6818 
7-0000 
9-3068 
8-5909 
10-5796 
10-6591 
11-7727 
14-0000 
13-8409 
16-5455 
20-0455 
Calculated 
Y 
2-1679 
2-4841 
2-6527 
2-8425 
3-2219 
3-9176 
5-2035 
5-5619 
6-4684 
7-2906 
8-3657 
9-0403 
9-7360 
11-1905 
11-9284 
13-2354 
16-1657 
17-9154 
19-8127 
Per cent differ-
ence between 
YandY 
9-02 
2-41 
7-36 
19-11 
3-86 
9-44 
6-51 
1-34 
3-19 
4-15 
10-11 
6-23 
7-97 
4-99 
1-32 
5-46 
16-80 
8-28 
116 
6i = 0-021081; 0 = 0-0387. 
October, 120 mm in November and 240 mm in April represent the fish of the 
year (zero group). The peaks at 260 ram in June-July, approximately 300 
mm in September-November, 380 mm in December and 420 mm in March 
and May are interpreted to be representing the first-year group and at 480 
mm in June, 500 mm in July, 540 mm in September, 560 mm in October-
November as representing the second-year group. The modes at 620 mm in 
June, about 640 mm in July, 660 mm in August-October, 680 mm in December, 
700 mm and 720 mm in March and April respectively represent the third-year 
group and at 800 mm in February-March, 780 mm in October and 760 mm in 
June are caused by the fourth-year group. 
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Probably due to the indiscriminate exploitation of younger age-groups 
many fishes are not allowed to attain bigger sizes, resulting in a very scanty 
representation of those higher age-groups in the commercial landings. This 
FIG. 8. Histograms of the length-frequency distribution of mrigal, pooled for 
corresponding months of the years 1962 and 1964. 
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Fio. !>. Histograms of the length-frequency distribution of mrigal, pooled 
for the corresponding quarters of the year 1963. 
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leads to error in sampling, hence the progi'ession of modes in older age-class 
became extremely poor. 
Analysis of data for the year 1963.—4,306 specimens formed the basis of 
length studies during 1963. In quarterly pooled data the prominent modes 
at 140 mm in October-December and 180 mm in April-June represent the 
zero group. The first-year group appears in July-September in 300 mm and 
360 mm, at 320 and 380 nun in October-December, at 300 and 360 mm in 
January-March and at 320, 380 and 440 mm in April-June. The peaks at 
480 mm in July-August, 480, 520 and 560 mm in October-March, 500 and 560 
mm in April-June are caused by the second-year group. The modes in 640 
ram class in January-June are caused by group three. The peaks in 720 and 
780 mm class in July-August, 780 mm class in January-March and 760 mm 
in April 'June represent group four. Representation of still higher groups 
became scanty and groups five, six and eight are represented by peaks in 880, 
920 and 960 mm class during January-March whereas during April-June only 
group six is shown by a mode at 960 mm. 
Analysis of data for 1964.—4,300 specimens were measured during the 
year and the monthly progression of modes was studied for all the 12 months. 
Fish of the year consistently show up in a series of peaks at the extreme left of 
the histograms for August, September, October and December. Fish of the 
first-year group appear in modes of histograms in January-February, April 
and June-December, whereas group I I peaks are found all the year round. 
Fish in group I I I are prominent in modes during February-July and October-
December. Group IV is represented by modes of histograms during 
February-June, September and November-December. Group V is traceable 
in January-May and then again during December, whereas the sixth group 
can be located only during February and June. The fifth- and sixth-year 
classes are detectable by modes of a lower magnitude and were not encoun-
tered so frequently. Beyond this the continuity of the data is completely 
broken. 
Putting together the results obtained by length-frequency analysis of 
these 16,439 specimens during the three years, the growth picture of mrigal 
emerges clearly as shown in Table I I I . Table VII presents a pooled 
length-frequency distribution for the corresponding months of all the three 
years. 
The probability paper method (Harding 1949 and Cassie 1954) was also 
utilized for separating the various age-groups from the polymodal-frequency 
distributions and the results obtained by this analysis are exj^ressed in Table 
I I I . I t has been revealed beyond doubt that there is a high degree of agree-
ment between the age and growth calculations from the scales by the 
application of von Bertalanffy growth equation and witli the helj) of lengtli-
frequency studies. 
TABT,E VII 
Pooled length-frequency of mrigal (in percentages) for the years 1962, 1963 and 1964. (N = 16439) 
Glass-range 
(mm) 
71-90 
* 91-110 
111-130 
131-150 
151-170 
171-190 
191-210 
211-230 
231-250 
251-270 
271-290 
291-310 
311-330 
331-350 
351-370 
371-390 
391-410 
411-430 
431-450 
451-470 
471^90 
491-510 
511-530 
531-550 
551-570 
571-590 
591-6)0 
611-630 
631-650 
651-670 
671-€90 
691-710 
711-730 
731-750 
751-770 
771-790 
791-810 
811-830 
831-850 
861-870 
871-890 
891-910 
911-930 
931-950 
951-970 
971-990 
991-1010 
1011-1030 
Number sampled 
Jan. 
_ 
— 
— 
0-16 
0-16 
— 
0-31 
0-23 
0-31 
0-39 
1-17 
2-49 
2-80 
3-35 
4 1 3 
2-88 
2-18 
2-41 
3-27 
4-13 
7-01 
8-10 
10-28 
10-67 
11-84 
6-85 
5-14 
2-65 
2-02 
1-09 
0-78 
0-55 
0-23 
0-62 
0-23 
0-16 
0-31 
0-23 
0-23 
0-08 
0-08 
— 
0-16 
0-31 
— 
— 
— 
— 
1284 
Feb. 
— 
— 
0-26 
— 
— 
— 
0-32 
0-32 
0-85 
0-43 
1-28 
3-31 
2-99 
3-42 
1-71 
2-35 
1-39 
1-07 
2-88 
5-45 
6-09 
9-19 
10-26 
10-58 
8-76 
6-09 
4-38 
2-78 
1-39 
0-75 
0-32 
0-53 
0-32 
0-64 
0-32 
0-53 
0-43 
0-53 
1-28 
2-03 
0-96 
1-60 
0-85 
0-96 
0-32 
0-32 
— 
936 
Mar. 
— 
— 
0-16 
0-16 
0-16 
— 
0-63 
0-78 
0-16 
0-63 
1-72 
MO 
1-25 
1-56 
1-25 
1-88 
3-44 
3-44 
2-35 
6-73 
7-98 
8-92 
9-70 
8-61 
7-36 
5-63 
3-44 
1-56 
2-35 
1-25 
1-10 
0-47 
0-78 
2-03 
1-41 
1-41 
1-36 
1-25 
MO 
1-41 
0-94 
0-47 
0-31 
0-94 
0-47 
0-16 
— 
639 
April 
„ 
— 
0-26 
0-26 
— 
0-51 
1-79 
2-04 
4-98 
3-45 
0-64, 
0-64 
0-89 
1-28 
1-28 
1-28 
2-30 
2-94 
3-32 
4-85 
4-21 
7-66 
8-81 
9-32 
8-68 
5-87 
3-70 
3-32 
3-70 
1-40 
0-77 
1-79 
1-53 
0-64 
0-51 
0-38 
0-64 
1-02 
1-28 
0-64 
0-38 
0 1 3 
— 
0-26 
0-64 
— 
— 
— 
783 
May 
_ 
— 
— 
— 
0-13 
— 
— 
0-38 
101 
0-89 
1-27 
3-67 
2-53 
2-66 
2-15 
2-15 
1-77 
4-43 
7-47 
4-81 
6-08 
4-68 
5-70 
9-40 
10-25 
5-82 
3-29 
316 
5-32 
1-52 
1-01 
0-63 , 
0-76 
0-89 
0-89 
1-01 
0-76 
0-76 
0-38 
0-25 
0-13 
0-38 
0-13 
0-26 
0-63 
0-13 
0-25 
0-13 
790 
J u n e 
„ 
— 
0-24 
0-56 
M l 
1-98 
1-11 
2-14 
3-57 
3-97 
3-33 
5-16 
5-56 
. 5-56 
3-81 
3-17 
317 
3-81 
3-97 
4-84 
8-97 
10-64 
7-06 
4-84 
2-78 
2-38 
1-43 
1-03 
0-71 
0-48 
0-40 
0-32 
— 
0-24 
0-32 
0-08 
0-16 
0-16 
0-24 
— 
0-32 
— 
0-08 
0-08 
0-16 
0-08 
— 
1260 
July 
__ 
— 
— 
0-09 
0-05 
0-09 
M 8 
1-67 
5-83 
6-51 
5-24 
6-71 
6-37 
6-37 
5-70 
4-66 
4-20 
3-30 
3-84 
5-24 
6-74 
6.56 
3-62 
4-79 
3-16 
2-71 
1-58 
0-63 
0-90 
0-36 
0-45 
0-23 
0-27 
014 
— 
0-18 
0-00 
0-05 
0-14 
0-18 
— 
— 
0-05 
0-08 
0-05 
— 
— 
2212 
Aug. 
— 
0-06 
— 
— 
0-11 
0-06 
1-06 
1-28 
2-85 
3-96 
4-69 
3-80 
4-80 
5-97 
4-91 
6-20 
6-76 
7-15 
5-75 
5-53 
6-36 
5-86 
5-47 
4-63 
2-79 
2-29 
1-95 
1-00 
1-17 
0-73 
0-61 
0-28 
0-33 
0-11 
0-22 
0-18 
0-11 
0-11 
O-II 
O i l 
0-06 
0-18 
0-11 
0-22 
0-06 
— 
1791 
Sept. 
0-07 
0-78 
0-99 
0-14 
0-35 
0-64 
0-92 
1-70 
3-11 
3-11 
5-51 
4-24 
4-31 
5-09 
4-45 
4-59 
4-45 
6-15 
5-37 
4-59 
5-58 
4-66 
5-30 
6-15 
2-61 
3-18 
1-98 
1-98 
1-34 
0-92 
0-85 
0-49 
0-71 
0-49 
0-78 
0-28 
0-42 
0-25 
0-28 
0-14 
0-28 
0-07 
0-21 
0-14 
0-14 
0-07 
• 
1415 
Oct. 
0-56 
1-53 
3-34 
2-36 
1-34 
M l 
0-74 
1-67 
2-74 
5-66 
7-42 
8-07 
5-29 
4-73 
3-80 
3-57 
3-99 
3-01 
4-08 
3 1 1 
3-20 
2-64 
3-89 
2-83 
3-71 
2-74 
2-64 
2-04 
1-58 
1-39 
1-34 
M l 
0-46 
0-51 
0-28 
0-56 
0-23 
0-19 
. 
0-23 
0-09 
0-05 
0-09 
0-09 
— 
2157 
Nov. 
^ 
0-42 
3-57 
1-63 
0-54 
0-54 
1-57 
1-94 
2-30 
2-66 
4-72 
5-63 
4-48 
3-03 
2-97 
3-75 
3-45 
4-66 
4-78 
4-84 
5-15 
3-81 
3-93 
4-36 
5-33 
3-99 
3-09 
2-66 
1-63 
1-45 
115 
1-09 
0-54 
0-85 
0-61 
0-24 
0-30 
0-54 
0-36 
0-30 
0-42 
0-18 
0-12 
0-12 
0-24 
— 
— 
16.52 
Dee. 
_ 
0-07 
0-59 
3-62 
1-64 
0-59 
0-20 
1-12 
0-59 
1-58 
1-45 
2-50 
2-30 
2-37 
3-62 
3-88 
3-88 
5-33 
5-53 
5-07 
6-84 
6-32 
711 
6-38 
6-25 
5-00 
4-28 
2-76 
1-45 
1-64 
0-72 
0-59 
0-72 
0-53 
0-46 
0-66 
0-33 
0-07 
0-39 
0-13 
0-59 
0-46 
013 
0-13 
0-07 
0-07 
1520 
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Introduction 
Length-weight relationship studies have considerable use in fishery work, 
as information on this aspect of fish is needed in studies on condition, growth 
and sexual maturity and in investigations of the exploited species to obtain weight 
yields by size and age groups from length- and age-frequency samples of the 
catches. Ideally, such data should be available for all the common species, and 
it is considered that the information presented here will have some immediate 
applications since it is for the first time that such a huge data has been employed 
to describe the length-weight relationship in the mrigal, Cirrhina mrigala (Hamilton). 
Jhingran (1952) described the length-weight relationship of mrigal based 
on specimens received from various sources, y/.e. rivers, canals, tanks and ponds. 
Jhingran (1959) and Chakraborty and Singh (1963) have reported similar obser-
vations on mrigal from riverine environments, whereas Pantulu et a!. (1966) 
described the length-weight relationship in mrigal from some reservoirs. Pantulu 
et al, {op. cit.) stated that generally, the differences in length-weight relationships, 
if significant, are attributed to racial differences within a given species, but in 
the absence of other biometrical studies it is difficult to express any opinion as 
to whether these differences do reflect any differences in racial characters or 
they are the result of some varying environmental factors vital for the well being 
of the fish. It seems reasonable to assume that the heavier fish of a given length 
are in better general health. 
The main object of this communication has been to derive an appropriate 
mathematical formula, correlating the two variables length and weitht in a very 
general manner for calculating one from the other from commercial point of 
view. The mathematical formula, presented here, is based on vast data (from 
5,798 specimens) covering an extensive size-range (155 mm to 1,020 mm) from ihe 
riverine commercial catches spread over all the months of a year from the same 
fish assembly centre and, therefore, is likely to be most useful from a practical 
view point. 
Material and Methods 
The length and weight measurements of 5798 sp.ecimens of mrigal, recorded 
during the year 1962 as part of the investigations on the commtTcial fish landings 
of the river Ganga and Yamuna at Sadiapur fish assembly centre, Allahabad, 
were analysed to derive the length-weight equation for this species. Sufficient 
number of specimens could be obtained during each month of the year, as shown 
in Table I. 
[ 419 ] 
<J.'J. 
4'l 
3-7 
3-3 
2-9 
2-5 
2-1 
l;7 
l'-3 
0'9 
• 
b. 
/ 
/ 
/ 
/ 
, / 
; / 
/'' 
/ 
7 
. / 
/ • 
1-9 2-2 2-5 
LOG. OF LENGTH 
2 8 3Q 
,.„.;g5Biii?-';V 
iiiiP''-
120 240 360 480 600 
LENGTH I N Ml LLIME.TR,ES 
7 io 840 960 ^02 0 
TABLE I 
Month-wise number of specimens of mrigal recorded during the year 1952 
Month Number Month Number Month Number 
January 
February 
March 
April 
354 
580 
269 
407 
May 
June 
July 
August 
3S3 
768 
651 
916 
September 
October 
November 
December 
488 
561 
321 
150 
Care was taken to see that no selection as to size or sex was made while 
recording the lengths and weights. However, the larger fish were, at times, 
sampled out of proportion to their relative frequency in catches, in order to 
improve their representation in the samples. According to Mraz (1964), a 
length-weight equation to be most useful should include fish of both sexes, 
sampled at various times of the year and over a period of years. Bias from 
annual and seasonal variations, sex differences, and maturity and state of sex 
organs is minimised by this procedure. Similarly, according to Dryer and Beil 
(1964), in the casi of Lake Herring, the length-weight relation does vary accord-
ing to port and year of capture, between ripe and fully spent females, but the 
best estimate of the general relation is one based on all available fish. Natrajan 
and Jhingran (1963), while analysing the length-weight data for Catla cat a, have 
indicated the statistical justification in pooling the entire data on length-weight 
measurements into a single equation. 
The length-weight data for mrigal, employed in the present calculations, 
meets the above stated requirements fairly well. Total length was recorded to 
the nearest millimeter, while the weight was recorded in grams. 
Observations 
A scatter diagram of lengths and weights recorded is depicted in Fig. I, 
which suggests that their relationship is of the form 
W = clfi 
where W^  weight, £,- Leng th , ' t ' is a constant determined by the data a n d ' i ' 
an exponent approximately = ?, also determined from the data. This formula 
describes the length-weight relation of a sample of fish. The least square regres-
sion of the logarithmic transformation 
/• = a + bX . 
in which Y = log Weight, a = log f, and X ^ log Length has been used for 
estimating the values of 'c' and 'b\ 
The general length-weight equation for mrigal irrespective of size and age 
above 155 mm was found to be 
W = 1-009 X 10-5 . 2,2-99552 
or logarithmically 
log W =. -4-99627 -+ 2-99552 log L 
The coefficient of correlation between log length and log weight is 0*944. 
General Remarks 
The reliability of the equation derived in this paper would be seen to be 
high from the coefficient of correlation value. The value of the regression 
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coefficient ' i ' in the present equation indicates least deviation from the 'cube 
law' as compared to the observations made by earlier workers. 
The value of 'A' as calculated by Jhingran (of. cit.) and Chakraborty and 
Singh (o/>. cit.) was above 3, whereas Pantulu «/ al. [op. cit.) found it to be mostly 
less than 3 with only one exception when it was above ?,. As is evident, in the 
present case the value of'A' has been found to be under ?. According to 
MacGregor (1966), theoretically, if '//' ('3' in the present case) is less than 3, 
condition factors should decrease with the increase in length. He further states 
that the value of '/?' can be influenced by the sampling irregularities, such as 
including in the samples fish from different environments or from different years 
or months when the length ranges of the fish are not comparable in the different 
sample components and the inclusion of both immature and adult fish in the same 
sample. While working out the length-weight for mrigal in the present case, 
the data of a few fish below 155 mm in length was omitted so as to reach at a 
more useful equation from practical and commercial point of view. 
Summary 
Analysis of 5798 specimens of mrigal, Cirrhina mrigala, shows that the formula, 
correlating length and weight, specific for this fish irrespective of size and age 
above 155 mm length is : 
Weight = 1-009 x 10-^ x Length^'^^^s 
or logarithmically : 
log Weight = - 4-99627 + 2*99552 log Length. 
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Corica biharensis sp. nov. 
Material 
143 specimens of the new species, including the holotype, 17.0-45.0 mm in total length 
from the river Ganga in Bihar, were collected by M. Yusuf Kamal. 
Holotype 
ZSI registration no. F 7 129/2, 43.00 mm total tength, from river Ganga at Rajmahal, 
district Santhal Parganas f Bihar ), collected by M. Yusuf Kamal on 23.7.1973, deposited in 
the National Zoological Collections of the Zoological Survey of India, Calcutta. 
Paratypes 
2 examples—ZSI registration no. F 7 130/2, 27.0 and 40.0 mm total length, data same 
as the holotype. 
Description 
B vi, D 15-16(2/13-14), P 13, V 8, A 13-14(2/11-12) + ii, C 17. 
The body is distinctly elongated and compressed (Fig. I ) . Scales are moderate in size, 
smooth, thin and deciduous. The dorsal and ventral profiles are almost straight until the 
Fig. \.—Corica biharensis Kam.il and Ahsan 
position of the ventral fins. The abdomen is keeled and serrated, with scutes commencing 
just below the level of the pectoral fins. Origin of the dorsal fin is closer to the base of the 
caudal fin than to the snout, and the origin of the ventral fins is very slightly anterior to that 
of the dorsal fin. The anal fin is moderate with the last two rays detached to form a second 
anal. The second anal is composed of two thickened rays cleft to the base and much longer 
than the last rays of the first anal. The first anal commences just behind the posterior 
extremity of the dorsal fin. Lower lobe of the caudal fin is slightly longer than the upper 
lobe. Eyes are large. 
Abdominal serrations include 10-11 preventral and 7 postventral scutes. 
Length of the head is 5.73-6.0 times, height or depth is 6.35-6.6 times, length of the 
caudal fin is 4.5 times in total length. In body length the head is included 5.0-5.5 times and 
the depth 5.25-5.40 times. The diameter of the eye is contained 3 times in head length. 
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The colouration is silvery white without any band. A 'U ' shaped cluster of black dots 
of melanophores is characteristically present on the parieto-occipital region of the head. 
The caudal has faint dark edges and a faint black spot at the base. 
As the scales are deciduous and easily fall off, the enumeration of scales along the 
lateral line and across the sides has not been attempted. 
Measurements of the fish in millimeters 
Holotype Paratype I Paratype II 
Total length 
Body length 
43.00 
35.50 
40.00 
33.00 
27.00 
23.25 
Height or depth 
Head length 
Diameter of eye 
Length of snout 
Length of caudal fin 
Origin of dorsal fm from snout 
6.75 
7.50 
2.50 
2.25 
9.50 
18.75 
6.50 
6.25 
2.00 
1.75 
7.00 
18.50 
4.25 
4.50 
1.50 
1.50 
5.50 
11.50 
Origin of dorsal fm from caudal base 17.00 16.50 9.75 
The species under study clearly differs from C. sohorna, and is distinguishable by its 
very elongated body, lesser depth, smaller head, the presence of typical cluster of melano-
phores on the parieto-occipital region and the absence of any other colour band on its body. 
It belongs to genus Corica in its divided anal fin, the snout being slightly shorter than 
the eye diameter, maxillae reaching below the middle of the orbit and other characters. 
The elongated silvery body, large black eyes and the black spot on the almost 
transparent skull to shade the hind brain are all clear adaptations for a life in the surface 
waters. 
Key to species of genus Corica 
A. Head 4 ; height ( = depth ) 4.25 in body length. 
(Head 5.25-5.50 ; height 5.0-5.5 in total length ) 
Caudal 5.5 in total length. Eye 2/5 of head length. 
C-19 ... ... ... Corica sohorna. 
B. Head 5.50 ; height ( = depth) 5.25 in body length. 
( Head 6.0 ; height 6.60 in total length ) 
Caudal 4 | in total length. Eye Vs of head length. 
C-17 ... ... ... Corica biharensis. 
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